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Magnolia sharpii and Magnolia schiedeana are threatened with extinction. 
Deforestation has reduced these Mexican endemics to a few remnant populations. 
Such forest fragmentation can result in the loss of species' genetic diversity. This 
can lead to a greater susceptibility to several genetic effects which may increase the 
risk of extinction in these small, isolated populations. An understanding of these 
species' genetic variation, therefore, is vital to the development of effective strategies 
for their conservation. 
This project aimed to contribute to the conservation of Magnolia sharpii and 
Magnolia schiedeana by assessing the extent and structure of their genetic variation. 
About thirty samples were collected from each of four M. sharpii populations and 
three M. schiedeana populations. RFLP analysis of chioroplast DNA PCR products 
detected five intraspecific chloroplast DNA polymorphisms within the wider ranging 
species, M. schiedeana. However, no intraspecific chloroplast DNA variation was 
found within the more geographically restricted M. sharpii. Isozyme analysis of M. 
sharpii and M. schiedeana revealed a relatively high degree of species' genetic 
diversity (He = 0.48 and 0.42, respectively) and relatively little genetic differentiation 
(Fst = 0.061 and 0.042, respectively). This information can be used to evaluate the 
genetic implications of these species' fragmented distributions, as well as forming a 
baseline for monitoring the processes influencing small populations' viability and 
quantifying future human impacts. 
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1. Rationale to Project Aims 
1.1. Introduction 
This section explains the rationale behind the aims of this project. Firstly, a general 
description of the importance of genetic diversity and its determinants is given. 
Consideration is then given to forest fragmentation's potential impact on forest plant 
species' genetic variation and how this can affect species' survival by increasing 
population extinction risk. This is followed by a discussion on the importance of 
information on threatened species' genetic variation to the development of effective 
conservation strategies. Thought is then given to non-genetic factors that also 
contribute to extinction risk and how they interact with genetic extinction risk 
factors. Finally, consideration is given to the incorporation of all of these factors into 
an effective model of extinction risk assessment, and hence, a competent 
conservation tool. 
1.2. Genetic Diversity and its Determinants in Plants 
Central to conservation biology is the protection of biodiversity. Biodiversity is a 
term that describes the number, variety and variability of living organisms at genetic, 
species and ecosystem levels (Bisby, 1995) . Genetic diversity, the genetic variation 
that exists within and between species' populations, is required by a species in order 
to maintain its reproductive vitality and the ability to adapt to a changing 
environment (Frankel & Soulé, 1981; Ennos, 1996). 
The level and structure of genetic diversity within a species reflects the present 
balance between various evolutionary processes, as well as the ecological and 
evolutionary history and life-history traits of that species. The evolutionary processes 
include: genetic drift, a stochastic process which results in random changes in allele 
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frequencies over generations; gene flow, the transfer of genetic material between 
populations; mutation and recombination, which create variation; and natural 
selection, which results in non-random changes in allele frequencies over 
generations. Genetic drift lowers genetic variability within a population and 
increases genetic differentiation between populations (Wright, 1931). Gene flow and 
mutation counteract the effects of genetic drift by increasing variation within 
populations (Primack, 1993). Gene flow also reduces between population 
differentiation. The effect of selection on genetic variation depends on the type of 
selection. 
The balance between these processes is influenced by a species' life history traits. A 
review of accumulated studies of isozyme variation in over 400 species of plants 
(Hamrick & Godt, 1989) showed that geographical range and breeding system 
accounted for the largest proportion of variation in genetic diversity at the species, 
within population and among population levels. The results are summarised in 
figure 1. Loveless' (1992) analysis of 97 isozyme studies of tropical woody species 
supports these findings. These generalisations about genetic diversity based on 
species' range and breeding system can be used to predict the level and distribution 
of species' genetic variation. However, much of the variation among species 
remained unexplained by geographical range and the eight life-history traits 
considered (Hamrick & Godt, 1989). This reflects the influence of other factors on 
species' genetic variation, such as species' ecological and evolutionary history, as 
well as inter-study differences (Soulé, 1976). 
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Figure 1: General spatial patterns of genetic variation in plants 
Genetic variation 	Geographic range 	Breeding system 
narrow widespread 	S MA MW OW OA 
Within species 
Within populations 	 __ 	_________________ 
Between populations 
Key 
S 	= Selfing 
MA 	= Mixed: animal 
MW =Mixed: wind 
OW 	= Outcrossing: wind 
OA 	= Outcrossing: animal 
= Trend of increasing genetic variation 
= No trend of varying genetic variation 
(After: Hamrick & Godt, 1989) 
1.3. Forest Fragmentation and Genetic Diversity 
1.3.1. General Trends in Genetic Variation 
The forests of the World are under pressure from deforestation and overexploitation 
(Ledig, 1992). One consequence of this is increasing forest fragmentation 
(Gonzalez-Espinosa et al., 1993a). Habitat fragmentation is considered the number 
one cause of declining biological diversity (Wilcox & Murphy, 1985). Specifically, 
fragmentation has implications for species' genetic diversity in forest plants as it 
influences the balance between the various evolutionary processes discussed in 
section 1.2. (Ledig, 1992). Fragmentation can wipe out entire populations, 
reducing a species' genetic variation (Hall et al., 1996). In addition, it may isolate 
remaining populations by providing a barrier to gene flow (Hall et al., 1996). The 
result of reduced gene flow may be increased population genetic differentiation 
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(Young et al., 1996). Fragmentation also reduces population size (Hall et al., 1996; 
Gonzalez-Espinosa et al., 1993a), creating genetic bottlenecks, where the remaining 
individuals contain only a small sample of the original gene pool (Young et al., 
1996). A bottleneck can be viewed as a single event of sampling error (Barrett & 
Kohn, 1991), where the resulting loss of population genetic variation is proportional 
to the number of individuals sampled. Qualitatively, specific alleles will either be 
lost or retained, rarer alleles having a higher probability of being lost. Quantitatively, 
the variability for specific characters will be reduced. The qualitative impact is 
usually greater than the quantitative, with most genetic variance being conserved 
unless the bottleneck is extremely severe (Barrett & Kohn, 1991; Nei et al., 1975). 
The crucial issue to genetic variation loss is post-bottleneck events; the rate and 
extent of population growth. A rapidly expanding population may have minimal 
reduction in its average heterozygosity despite a severe reduction in allele numbers 
(Frankel & Soulé, 1981; Nei et al., 1975). However, remnant populations that 
remain small and isolated for several generations continue to lose genetic variation 
through genetic drift; essentially, populations with perennial low numbers are going 
through a bottleneck every generation and the effects are cumulative (Barrett & 
Kohn, 1991). 
In fact, there is an inverse relationship between current population size and loss of 
heterozygosity (Wright, 1931). This trend is supported by empirical evidence. For 
example, fragmentation of a once large, contiguous area of tropical forest has 
resulted in the loss of genetic diversity within populations of the large rain forest tree, 
P. elegans (Hall et al., 1996). In addition, there is substantial field data indicating 
that small populations of plants have less genetic variation than larger ones (Babbel 
and Selander, 1974; Karron, 1987; Billington, 1991; Prober & Brown, 1994; 
Hamrick & Godt, 1996). However, the influence of historical factors on population 
genetic structure may decouple this association so that current population size cannot 
always indicate actual genetic patterns (Hamrick & Godt, 1996). 
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1.3.2. Consequences of Loss of Genetic Variation 
Loss of genetic variability in small, fragmented populations can lead to a greater 
susceptibility to several genetic effects which may increase the risk of extinction, 
either by directly affecting individual fitness and short term population viability 
(Oostermeijer et al., 1995), and/or by having potentially long term evolutionary 
consequences. These effects include: reduced heterosis, that is, reduced hybrid 
vigour that is produced by the masking of deleterious recessive alleles in each strain 
by dominant alleles from the other; inbreeding depression, mating among close 
relatives which results in the production of fewer and/or weak or sterile offspring; 
outbreeding depression, a reduction in fitness following the interbreeding of 
distantly related parents; and the loss of adaptive potential. The importance of the 
latter to species' survival is perhaps greater than ever as human activity potentially 
imposes selective pressures that are greater than those typically experienced in 
natural settings. In addition, as discussed in section 1.3.1, habitat fragmentation 
provides a barrier to migration, leaving adaptive evolutionary change as the primary 
means of responding to selective challenges. 
1.4. Conservation Biology and Genetic Diversity 
The previous section illustrated forest fragmentation's potential impact on forest 
plant species' genetic variation and how this can affect species' survival by 
increasing population extinction risk in small remnant populations. Therefore, an 
understanding of such threatened species' genetic variation is vital to the 
development of strategies for their effective conservation. It gives a basis on which 
to evaluate the genetic implications of forest conservation. It also gives a context 
within which to interpret patterns and processes, and assess the effects of habitat 
fragmentation. 
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Approximately 9000 tree species are listed as threatened with extinction (Oldfield et 
al., 1998). Presently, however, there is a huge knowledge deficit about most of these 
species. The Contracting Parties of the Convention on Biological Diversity are 
'aware of the general lack of information and knowledge regarding biological 
diversity and of the urgent need to develop scientific, technical and institutional 
capacities to provide the basic understanding upon which to plan and implement 
appropriate measures'(UNEP, 1992). In the meantime, conservation decisions often 
have to be made in the absence of specific data. Generalisations can be utilised in 
this context. For example, species with particular traits often share particular genetic 
structure properties compared with species with other different combinations of traits 
(see figure 1). Documenting such patterns allows better informed decisions to be 
made. 
However, wherever possible genetic surveys should be integrated into the decision 
making process as they can help to identify potential problem areas in conservation, 
such as species which are at particular risk from genetic erosion. In addition, they aid 
in assessing the distribution of a genetic resource and how best to conserve a 
representative, wide ranging sample of a species' genetic variation (Primack, 1993). 
The need for genetically based approaches to identify conservation priorities has been 
recognised (Miller, et al., 1995). Such surveys also build onto an expanding database 
from which generalisations can be drawn more accurately. 
In addition to the lack of knowledge regarding specific species' genetic diversity, 
comparatively little is known about the effect of fragmentation on genetic diversity 
within species (Chase et al., 1995). Research is limited by the lack of baselines 
against which to gauge present conditions (Ledig, 1992). Genetic surveys conducted 
now can form baselines for future monitoring. Monitoring population trends in 
genetic diversity will contribute to an improved understanding of the processes 
influencing the viability of small, isolated populations and the quantification of the 
future impacts of fragmentation, deforestation and overexploitation. This assessment 
of population trends is one of the tenets of the IUCN Red List Categories (IIJCN, 
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1995). Monitoring can also provide an early warning of conservation problems 
(Ledig, 1992). 
Finally, to achieve effective conservation management, information gathered on the 
genetic implications of forest conservation needs to be integrated into a larger 
decision-making framework. Other influential factors have to be taken into account, 
for example, non-genetic factors that also contribute to extinction risk. 
1.5. Extinction Vortices 
In addition to the genetic extinction risk factors discussed in section 1.2., the other 
main extinction risk factors are the non-genetic, demographic factors. These can be 
grouped into two types; demographic stochasticity and environmental stochasticity. 
Demographic stochasticity is random fluctuations in population size due to individual 
variation in the vital rates, that is, the birth and death rates. In contrast, 
environmental stochasticity is random fluctuations in population size due to temporal 
changes in the vital rates that affect many individuals in a population. 
The observed tendency of small populations to decline towards extinction has been 
likened to a vortex effect whereby all the causal factors interact synergistically 
(Gilpin and Soulé, 1986). Figure 3 shows how a decline in population size caused by 
one factor will increase the vulnerability of the population to the other factors. This 
progressively lowers population size, enhancing the negative effects of the vortex and 
ultimately resulting in extinction. 
Theory and empirical studies suggest that demography is usually of more immediate 
importance than population genetics in determining wild populations' risk of 
extinction (Lande, 1988; Menges, 1990). However, a long-term conservation plan 
must take genetic factors into account in order to maintain reproductive vitality and 
adaptive potential, as discussed in section 1.2. This illustrates how many risk factors, 
Section 1: Rationale to Project Aims 	 19 
both genetic and non-genetic, interact in determining population extinction risk. 
Understanding the complex mechanisms that determine the persistence of plant 
populations is critical for the conservation management of endangered species (Synge, 
1985). An effective model of extinction risk assessment must take all of these factors 
into account if it is to be a competent conservation tool. This has been attempted 
through the development and utilisation of the concepts of a minimum viable 
population (MVP) and population viability analysis (PVA). 
Figure 2: Simplistic model of an extinction vortex 
more demographic stochasticily 
	
[catastrophic cvcnt.] 
I1owerNe] 	 iictio 
Ne = Effective population size 
1.6. Minimum Viable Population (MVP) and 
Population Viability Analysis (PVA) 
A populations' extinction risk can be assessed using the concept of MVP. This 
approach recognises that extinction is a probabilistic phenomenon and calculates the 
likelihood of species' survival in a specified time frame and location with an objective 
level of security. For example, MVP may enable estimates to be produced of the 
smallest number of individuals necessary to give a population in a particular place a 
95% confidence level of surviving over 1000 years. The process itself is referred to as 
population viability analysis (PVA) (Gilpin & Soulë, 1986). Although it is still 
developing as an approach for examining species' persistence, it is already becoming a 
central part of assessing critical conservation issues; it is used as a 
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criterion in the characterisation of threat status according to the IUCN Red List 
Categories (IUCN, 1995). 
A formal PVA (one that is analytically comprehensive) integrates all factors that 
influence species' extinction. Usually, these parameters are incorporated into a 
mathematical model that predicts population trends, extinction probabilities and 
hence a quantitative estimate of MVP (Gilpin & Soulé, 1986; Shaffer, 1981). 
However, collecting such data is resource demanding and the risk factors are not 
always easily distinguished from each other. Therefore, formal PVAs are difficult to 
execute. In addition, the multidimensional problem of extinction and MVP has 
traditionally been approached uni dimensionally from various disciplinary 
perspectives, for example, the two broad concepts of MVP, the genetic and 
demographic concepts, have been treated as distinct entities. This is illustrated in the 
first PVA for a plant species, where modelling of environmental stochasticity alone 
was used to provide predictions of future population dynamics and extinction 
probability (Menges, 1990). Therefore, there has often been a lack of sufficient data 
as well as comprehensive, realistic models on which to base MVP estimates. An 
alternative approach for determining a species' MVP has been to use a rule of thumb. 
Probably the most widely used rule of thumb is the 50/500 rule. This emerged in an 
attempt to determine how large a population must be to prevent unacceptable loss of 
genetic variation. Franklin (1980) and Soulé (1980) indicated that a minimum 
effective population size of 50 is essential for a population's short term survival. In 
addition, they suggested that a minimum effective population size of at least 500 is 
necessary to maintain the potential for adaptation, by maintaining sufficient amounts 
of quantitative genetic variation. 
These conclusions were based on empirical patterns of population genetics in model 
organisms (Lande, 1976). Therefore, there remains uncertainty in the 50/500 rule's 
applicability to a wide range of species and validation is required by empirical study. 
In addition, the calculation is oversimplified because it is based only on one type of 
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variation. If, as Lande (1988) believes, there is substantial independence between 
levels of different types of variation, the effective population size necessary to 
maintain significant amounts of each type of variation will differ, as will the time 
scales involved in their recovery following loss. In fact, based on another type of 
variation, Lande (1995) calculated that the effective population size should be about 
5000 rather than 500 in order to maintain normal adaptive potential (Lande, 1995). 
Caution also has to be taken in interpreting the effective population size (Ne). This 
corresponds to the size of an ideal randomly mating population which would offer 
the same opportunity for genetic drift as the real population. A set of assumptions 
about the population holds for Ne and violation of any of these results in a Ne that is 
smaller than the census population size (N). Widely divergent views have been 
expressed about the magnitude of Ne/N in nature although empirical estimates 
average 0. 11, a value that is much lower than generally assumed (Frankham, 1995). 
Despite this required caution, the 50/500 rule has been used extensively in 
conservation management proposals. This misapplication of these findings as a 
general rule reflects the desire for common rules to efficiently implement 
conservation action in the absence of appropriate data. While it is important to have 
general guidelines on which to build strategies, their general nature must be 
interpreted in the unique context of each conservation problem. 
The problems associated with general rules highlight the need for a more 
comprehensive model of population extinction. Although formal PVAs are too 
complex to be practical for routine use in conservation, the process can be simplified 
and moulded into a practical conservation tool. Models can maintain their principal 
function of evaluating the long term balance between input and output of individuals 
into a population, whilst being simplified by breaking it down to a few component 
parts. Such a framework can give a process that is more practical yet can provide 
meaningful results by clarifying assumptions, integrating available knowledge and 
forcing explicit reasoning and a rigorous approach (Ruggiero etal., 1994). 
Section 1: Rationale to Project Aims 	 22 
In conclusion, a balance must be met between model realism and the ease of 
parameter estimation. Natural systems are complex and as a model tries to 
increasingly realistically depict such a system by integrating more and more factors, 
it will encounter the problem of having too many parameters to estimate to be of any 
practical value. In the absence of comprehensive, integrated, accessible PVA 
models, conservation efforts must be guided with caution by present theory, 
simplified models and inference. This should be accompanied wherever possible by 
empirical tests of the prevailing theory to improve the predictive value of PVA 
models. This includes the use of long-term direct monitoring of genetic variation in 
populations in order to refine management programs and aid the development of 
improved PVA models. 
1.7. Conclusion 
In this introduction, the rationale behind this project's aims have been described. A 
general description of the determinants of genetic diversity and its importance led on 
to considering the potential impact of forest fragmentation on forest plant species' 
genetic variation and how this can affect species' survival by increasing population 
extinction risk in small remnant populations. This progressed to discussion of how 
an understanding of such threatened species' genetic variation is vital to the 
development of effective conservation strategies. It was then illustrated in what 
manner information gathered on the genetic implications of forest conservation can 
be integrated into a larger decision-making framework to achieve effective 
conservation management; many interacting factors can be incorporated into an 
effective model of extinction risk assessment, and hence a competent conservation 
tool, using the concepts of MVP and PVA. 
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2. Aims 
The overall aim of this research project is to contribute to the development of a 
conservation strategy for two species of Mexican Magnolia, Magnolia sharpii and 
Magnolia schiedeana by: 
• Evaluating the use of protocols that can be used in studying their genetic variation. 
• Providing information on their genetic variation which can be used to evaluate the 
genetic implications of their fragmented distributions. 
• Establishing a baseline for monitoring the processes influencing the viability of 
small populations and quantifying future human impacts. 
• Providing a survey of the species' distributions and habitat, past and present, 
based on field data and a review of herbarium records. This can be used to assess 
population status and trends, and therefore, supplies information for the 
characterisation of threat status according to the IUCN Red List Categories. 
The specific aim of this research project is to assess the level and structure of genetic 
variation in these two species. This will be achieved by working through several 
subaims: 
Locate populations of M. sharpii and M. schiedeana. 
Obtain suitable samples during a sample collecting expedition to these 
populations. 
Optimise the DNA extraction protocol. 
Extract the DNA from leaf samples. 
Optimise the protocols for the selected marker systems: isozyme analysis and 
Restriction Fragment Length Polymorphism (RFLP) analysis of chioroplast DNA 
PCR product. 
Carry out the selected marker system on the DNA samples. 
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7. Analyse the data: 
• Calculate the level of genetic variation and its distribution within and 
between populations. 
• Compare the results to predictions based on the life history traits of M. 
sharpii and M. schiedeana. 
Such predictions include: 
• Based on geographical range, M. schiedeana is expected to have higher genetic 
variation overall and within its populations compared with M. sharpii because it 
has a wider geographic range. There should be no difference in the extent of 
between population variation. 
• Based on M. schiedeana's and M. sharpii's mixed animal breeding system, it is 
expected that these species will have a relatively low variation overall and within 
their populations, but a high genetic variation between their populations compared 
with outcrossing and wind pollinated species. 
• Based on population size, the larger populations of both M. schiedeana and M. 
sharpii are expected to have more genetic variation than the smaller ones. 
• Populations that are more geographically isolated by distance are expected to have 
lower levels of gene flow between populations. Therefore, based on 
i nterpopulation geographic distance, the most geographically isolated populations 
of M. schiedeana and M. sharpii are expected to have lower levels of genetic 
variation within their populations and higher levels of genetic variation between 
their populations compared with the less isolated populations. 
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3. Background: Location, Species and Genetic 
Marker System Selection 
Having presented the projects aims and the rationale behind them, the specific choice 
of location, species and genetic marker systems used in this project will be explained. 
A brief overview of each of these will accompany these explanations before 
describing in detail the materials and methods used. 
3.1. Forest Fragmentation In Mexico 
Many Mexican tree species have had severely restricted distributions over substantial 
periods of time. This is a result of human-induced forest degradation over millennia 
(Breedlove, 1981; Gonzalez-Espinosa, 1996) and the range contraction of montane 
forest resulting from long-term climatic change (Figlar, 1993; Tobe, 1993). This 
makes them ideal candidates for studying the effects of fragmentation on genetic 
diversity. Establishing baseline genetic surveys would be a first step towards this 
goal. 
The Central Plateau in Chiapas illustrates this trend of human-induced forest 
degradation. It supports a large population (1960 census of 250 000-300 000) of 
Mayan-swidden agriculturalists who live in a dispersed, 'vacant town' manner and 
cultivate most of the available arable land (Breedlove, 1981). As a result of their 
long period of utilisation of this area, very little primary forest remains (Breedlove, 
1981). Decimated lands recover slowly, taking several centuries to replace the 
primary vegetation (Breedlove, 1981). Therefore, secondary forest is prominent and 
sometimes the dominant vegetation type. These secondary and primary forests are 
often cut or harvested for maize planting, fuelwood, timber and charcoal 
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(Gonzalez-Espinosa et al., 1993a; Breedlove, 1981). However, the reduction of 
forests has greatly accelerated in the past few decades (Breedlove, 1981). 
In fact, there is growing pressure on all the remaining forests in Mexico. Recent 
population growth and rural technological development have resulted in more 
intensive land use practices (Dirzo & Garcia, 1992; Gómez-Pompa & Kaus, 1988). 
The outcome of this has been increased deforestation and forest fragmentation during 
the latter half of this century (Gonzalez-Espinosa, 1996). For example, Dirzo & 
Garcia (1992) report annual deforestation rates of over 4% between 1967 and 1986 
for the northern part of the Sierra de Los Tuxtlas, Veracruz, Mexico. These figures 
exceed the already high deforestation rates for tropical forests of Mexico in general 
(Dirzo & Garcia, 1992). As deforestation proceeds up from the lowlands, the forest 
margin is pushed up to higher, steeper, more inaccessible areas (Dirzo & Garcia, 
1992; Gonzalez-Espinosa et al., 1993a). As far back as 1970, there was concern 
about genetic erosion in Mexican forests resulting from deforestation (Jasso, 1970), 
although genetic losses were not documented. If the forests are to persist, research 
on biodiversity and population genetics must be initiated (Dieringer & Espinosa, 
1994). Species' genetic surveys conducted now will form a basis on which to 
evaluate the genetic implications of forest conservation. For example, a genetic 
survey of the rare Mexican endemic, Picea chihuahuana, indicated that its 
populations are effectively isolated and inbreeding, and have differentiated by drift 
(Ledig et al., 1997). This information can now be used to assess the genetic 
implications of this endangered tree's conservation. 
3.2. Evergreen Cloud Forest 
The species that are to be studied in this project are found in Evergreen Cloud Forest. 
This forest type has had a restricted distribution due to range contraction over the 
long term and human-induced forest degradation. In addition, it has suffered from 
the more recent increase in deforestation rates and forest fragmentation 
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(Breedlove, 1981). Therefore, its species, as well as being ideal candidates for 
studying the effects of fragmentation on genetic diversity, are of conservation 
concern. Species' genetic surveys conducted now will form baselines for future 
monitoring, in addition to providing a basis on which to evaluate the genetic 
implications of forest conservation. 
Evergreen Cloud Forest typically contains both temperate and tropical elements, both 
deciduous and evergreen taxa (Miranda & Sharp, 1950). This unique mix of taxa 
constitutes a dominant vegetation type only in northern Central America and Mexico 
(Greller, 1990). It occupies only 1% of the total land area in Mexico but has about 
10% of the species, including approximately 900 endemic species (Rzedowski, 
1991). As such, it is the most diverse vegetation type per unit area (Rzedowski, 
1991). 
Breedlove (1981) designates Evergreen Cloud Forest as one of four optimum 
formations for the flora of Chiapas. It is comparable to Mexican Holarctic 
Dicotyledonous Forest (Greller, 1990) and Deciduous Forest (Gomez-Pompa, 1973) 
classifications for eastern Mexico. In a study of the Central Plateau in Chiapas above 
1500m, Gonzalez-Espinosa et al. (1993a) found that the majority of Evergreen Cloud 
Forest is located under 2000m. It occupied 5% of the area between 1500-2000m, 2% 
between 2000-2500m and was negligible above that altitude. In eastern Mexico it is 
found mostly between about 1000-2000m. As illustrated by plates 1 and 2, it is 
characterised by a high frequency of fog, hence the name 'cloud forest'. The high 
humidity and low illumination of these areas are two ecological factors that 
contribute to their characteristic flora (Gomez-Pompa, 1973). Low winter 
temperatures are the most important ecological filter. All of these factors constrain 
the taxa that can flourish here (Gomez-Pompa, 1973). In addition, many species 
remain evergreen here, possibly because the winter and the dry season are not severe 
enough for the deciduous habit to be advantageous (Gomez-Pompa, 1973). As its 
name is self-explanatory, Breedlove's (1981) term of Evergreen Cloud Forest will be 
the term used herein to refer to these forests. 
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Evergreen Cloud Forest has been cyclically deforested for shifting cultivation for 
thousands of years and is an example of a man-perpetuated succession (Gonzalez-
Espinosa et al., 1993a; Breedlove, 1981). In many areas, it is selectively logged, 
cleared, burned, planted to maize and abandoned after a few years. This process is 
illustrated in plate 3. Grassland may then develop if properly managed, otherwise the 
forest slowly regenerates, beginning with a scrub association which can last up to 10 
years (Breedlove, 1981). As population growth continues, there will be increasing 
pressure on Evergreen Cloud Forest. Gonzalez-Espinosa etal. (1993a) estimated that 
it occupies 3.6% of the central plateau of Chiapas above 1500m compared with 
deforested habitat's 54%. If Evergreen Cloud Forests are to persist, research on 
biodiversity and population genetics must be initiated (Dieringer & Espinosa, 1994). 
This section has highlighted the need for information on species' genetic variation in 
Evergreen Cloud Forest. Such data is important for providing a basis on which to 
evaluate the genetic implications of this habitat's conservation and the species it 
contains. Furthermore, it enables a better understanding of the impact of forest 
fragmentation on genetic diversity in general to be gained. 
3.3. Magnolia 
The evergreen cloud forest species selected for study in this project are the evergreen 
tree species Magnolia sharpii and Magnolia schiedeana. They are characteristic 
non-dominant taxa of these forests (Greller, 1990; Gomez-Pompa, 1973). Before 
describing each species in turn, consideration will be given to the genus Magnolia 
and section Theorhodon, to which they belong, to gain insight into their taxonomy, 
uses and biogeography. Such information is important in understanding these 
species' conservation importance and suitability for this project. 
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The genus Magnolia belongs to the order Magnoliaceae, as illustrated in figure 3. 
Magnoliaceae is considered a natural and homogenous group (Dandy, 1971) with 7 
genera and 223 species (Frodin & Govaerts, 1996). It is regarded as one of the oldest 
extant angiosperm families (Dandy, 1971). For example, Magnolia fossils date back 
more than one hundred million years, over which time Magnolia has remained 
relatively unchanged and has retained its most primitive form of flower structure. 
This indicates an affinity to the monocotyledons, with it possibly representing a 
demarcation between dicots and monocots (Treseder, 1978). 
Magnoliaceae once occupied a relatively large, continuous area, fossil remains being 
widely distributed in Tertiary deposits, including those in the Arctic Circle, 
Greenland, Europe and the central plains of North America (Dandy, 1971). The 
advent of the ice ages probably destroyed the greater part of this family, leaving its 
extant members distributed discontinuously throughout temperate and tropical S.E. 
Asia and S.E. USA southward through Mexico, the West Indies and Central America 
to E. Brazil, extending into the southern hemisphere only via mountain ranges and 
plateaux (Dandy, 1971). 
Magnolia is the largest genus of the family, with 128 species (Frodin & Govaerts, 
1996), both temperate and tropical (Dandy, 1971). It has a discontinuous distribution 
which reflects that of the whole family (Dandy, 1971), being found sporadically 
throughout the two main geographic centres of Magnoliaceae distribution; Asia 
(Nepal to New Guinea) and the Americas (E. Canada to Brazil and the Caribbean) 
(Frodin & Govaerts, 1996). Its natural range is confined to the northern hemisphere 
except for some of the tropical species whose ranges are marginally transequatorial at 
high altitudes (Treseder, 1978). 
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Plate 1: Evergreen Cloud Forest 
	
Plate 2: Evergreen Cloud Forest 
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No full modern survey is available, nor is there a phylogenetic classification (Frodin 
& Govaerts, 1996). Phylogenetic studies, based on chioroplast DNA restriction site 
analysis, isozymes and rbcL gene sequencing, have been carried out on selected 
species and have raised the issue that the present infrageneric classification may not 
be ideal (Qui, Chase & Parks, 1995; Qui, Parks & Chase, 1995; Tobe, 1993). 
The members of Magnolia may be evergreen or deciduous, trees or shrubs. They 
have a long history of being utilised by humans for a variety of purposes. Magnolia 
wood is usually light in weight and colour, fine grained and easily worked, and so is 
mostly used for furniture (Callaway, 1994). However, it is not very durable or 
resistant to pest attack (Callaway, 1994). Therefore, due to the availability of 
superior timber trees and the relative scarcity of large stands of Magnolia, it is now 
less commercially important as a timber tree than it used to be (Callaway, 1994). 
Magnolia is probably best known for its ornamental cultivation. They bear the 
largest individual flowers of any tree or shrub capable of outdoor cultivation in 
temperate regions (Treseder, 1978). In addition, they will flourish in a wide range of 
soils, climates and environments, varying in size from large shrubs to large trees, 
usually with fragrant flowers (Treseder, 1978). The popularity of many American 
Magnolias waned when Asian Magnolias became available as ornamentals, with the 
exception of one, Magnolia grandifiora Linnaeus (Treseder, 1978) which has the 
largest individual blossoms of any evergreen tree or shrub from temperate zones 
(Treseder, 1978). This species is widely cultivated in the tropics. The main 
limitations to cultivation of many tropical species are inferior ornamental value and 
lack of hardiness (Callaway, 1994). 
Several species also have known medicinal properties, with references to their use 
dating as far back as 1083BC (Callaway, 1994). For example, the bark of Magnolia 
officinalis Rehder yields an extract taken internally as a cure for coughs and colds, 
and as a tonic, called Hou-phu, which is used to treat neurosis and gastrointestinal 
disorders (Callaway, 1994; Dandy, 1971; Treseder, 1978). The flower buds of this 
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species are also reported to be used in a tonic (Callaway, 1994) while those of other 
species are used to make the drug Hsin-I, which is used to treat headaches, nasal 
disorders, fever and allergies and has been investigated for its potential anti-cancer 
properties (Callaway, 1994). Many American Magnolia species are used in 
extremely valuable ancient indigenous medicines used to strengthen the heart and to 
help problems related to high blood pressure (Hernández, 1651). 
3.4 Section Theorhodon 
The two species to be studied here belong to section Theorhodon Spach. (see 
figure 3). Dandy (unpublished) divided this section into two subsections: 
Grandiflora is distributed throughout continental America from the southeastern 
USA south to Venezuala; subsection Splendentes is found throughout the West 
Indies (Callaway, 1994). These large evergreen trees are all tropical except one, M. 
grandiflora, which is the only cultivated species (Callaway, 1994; Dandy, 1978). 
Although it is the largest section in the Western Hemisphere (Vazquez, 1994), very 
little is known about most of its species (Callaway, 1994). Vázquez (1994) 
attempted to fill this knowledge deficit about the delimitation of its species by 
studying the continental species. It was previously thought to contain 18 species 
until Vázquez (1994) revised this section to about 15 species, proposing four new 
species and four new subspecies. 
Based on Miocene fossil records, it is postulated that section Theorhodon's range has 
drastically contracted over the last 25 million years due to climatic change; from a 
continuous distribution that extended over much of Miocene USA and into Canada, 
Mexico and Central America, to a highly disjunct distribution in SE USA, Mexico 
and Central America (Figlar, 1993). The Mexican and Central American disjuncts 
differentiated in isolation and have evolved into separate species, due to having been 
genetically isolated for so long (Vazquez, 1994). These tropical species now have 
mainly localised distributions at high altitudes (Treseder, 1978) and show a 
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remarkable pattern of allopatric speciation (Vazquez, 1994). M. grandiflora is all 
that remains of the original continental distribution of M. latahensis (Berry) Brown, a 
fossilised, extinct Miocene Magnolia found at the Clarkia site, Idaho (Figlar, 1993). 
Evidence for this hypothesis includes comparative analysis of leaf structural details, 
venation patterns and gynoecia morphology of M. latahensis with extant Magnolias. 
M. latahensis was found to resemble M. grandiflora more than any other extant 
Magnolia species (Figlar, 1993; Golenberg et al., 1990). The assemblage of fossil 
plants found with M. latahensis matches the present flora of SE USA more closely 
than that of any other region, further supporting its affinity with M. grandiflora 
(Figlar, 1993; Golenberg et al., 1990). 
3.5. Magnolia schiedeana and Magnolia slzarpii 
Consideration of the genus Magnolia and section Theorhodon has given an insight 
into the study species' taxonomy, uses and biogeography. This is important in 
understanding their conservation importance and suitability for this project. The 
species come from a group that has had a restricted distribution over the long term 
due to range contraction and human utilisation. As this section describes, these 
Mexican endemics have also suffered from the more recent increase in deforestation 
rates and forest fragmentation. This has reduced them to a few remnant populations. 
Therefore, these species have been selected for study in this project because of their 
immediate conservation concern, as well as for their suitability for studying the 
effects of fragmentation on genetic diversity. 
The two species selected for study, Magnolia sharpii and Magnolia schiedeana, are 
both endemic to Evergreen Cloud Forest in Mexico, and are considered endangered, 
based on 1994 IUCN categories (pers. comm., M. Gonzalez-Espinosa). 
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3.5.1. Magnolia schiedeana 
For a long time, it was thought that M. schiedeana was closely related to M. 
grandiflora of the S.E. USA; its range was supposedly the closest to that of M. 
grandiflora (Treseder, 1978). Dandy considered that M. schiedeana resembled M. 
grandiflora more closely than any other member of the section (Treseder, 1978) and 
they are the only two known hexaploids (2n=1 14) in this section (Callaway, 1994). 
In addition, M. schiedeana was considered the most widely distributed of Mexican 
Magnolias, being found from Sinaloa and Nayarit to Veracruz (Treseder, 1978; 
Callaway, 1994). However, it was also considered the most variable (Treseder, 1978; 
Callaway, 1994). This variability was studied by Vázquez (1994) and he suggested 
that three new species be distinguished from the more familiar M. schiedeana. As a 
result, the present M. schiedeana now has a much smaller range than previously 
thought; it has at least fourteen scattered populations ranging across the Mexican 
states of Querétaro, Hidalgo, Veracruz, Guerrero and Oaxaca (Vázquez, 1994) (see 
figure 4 for a distribution map). Under Vázquez's (1994) revised taxonomy, M. 
schiedeana is one of the more distant relatives of M. grandiflora, with the new, more 
northerly M. tamaulipa,za A. Vázquez considered more closely related to M. 
grandiflora. 
M. schiedeana is an evergreen tree reaching thirty metres in height (Callaway, 1994). 
Plate 4 illustrates its leaf morphology. Populations typically occur on steep slopes or 
ravines in Evergreen Cloud Forests at 1500 - 2000m (Dieringer & Espinosa, 1994). 
This Mexican endemic is listed as threatened with extinction (Vovides, 1981; 
Secretaria de Desarrollo Urbano y Ecologia, 1991). The major threat of extinction 
comes from deforestation of cloud forest habitat (Williams-Linera, 1992). 
Deforestation occurs at such a rate that one of three localities studied by Dieringer & 
Espinosa (1994) was being cut during their study and all three populations had 
experienced some degree of previous cutting. All exhibited very low fertility and this 
is considered to be most likely related to previous episodes of cutting (Diennger & 
Espinosa, 1994). 
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Very little is known about M. schiedeana's ecology, although recently Dieringer & 
Espinosa (1994) revealed details on its reproductive ecology. It is similar to most 
other members of the Magnoliaceae in being self-compatible and beetle pollinated 
(Dieringer & Espinosa, 1994), although it seems to possess a more specialised 
pollination system than temperate Magnolias; one of the two known pollinator 
species, Cyclocephala jalapensis, is a regional endemic scarab beetle that is a 
pollinator and floral herbivore of M. schiedeana (Dieringer & Delgado, 1994). This 
beetle appears to be dependent on M. schiedeana for adult nutrition and reproduction 
(Dieringer & Delgado, 1994). Its range and abundance coincides with M. 
schiedeana's location and typical altitudinal range; it is closely associated with cloud 
forest in Veracruz, Hidalgo and Puebla (Ratcliffe & Delgado-Castillo, 1990) and its 
abundance is greater in better conserved areas of cloud forest located at altitudes 
above 1500m (Dieringer & Delgado, 1994). As populations of M. schiedeana 
decline due to deforestation, populations of the dependent C. jalapensis may become 
increasingly smaller and threatened with extinction. 
With its northerly range, M. schiedeana is one of the most likely tropical species for 
increased cultivation in the USA, presently being in limited cultivation there 
(Callaway, 1994). In addition, a decoction of the flowers is used as a remedy for 
scorpion stings (Treseder, 1978; Callaway, 1994). The Tepic vernacular name for 
this Magnolia is Corpus (Treseder, 1978). 
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3.5.2. Magnolia sharpii 
M. sharpii, shown in Plate 5, is an evergreen tree reaching up to thirty metres in 
height (Callaway, 1994). Plate 6 illustrates its leaf morphology. Along with M. 
grandflora and M. pananzensis Vázquez & Iltis, M. sharpii is considered one of the 
most primitive species within section Theorhodon (Treseder, 1978; Vázquez, 1994). 
It is endemic to the state of Chiapas (Vázquez, 1994) (see figure 4 for a distribution 
map) and is native to the Evergreen Cloud Forests of the highland mass of the 
Central Plateau between elevations of 1950-2940m (Callaway, 1994). These diverse 
forests occur on the summits and eastern slopes of the higher peaks and ridges and 
contain a large number of endemic species (Breedlove, 1981). The large number of 
taxa endemic to this state and the unique aspect of its flora, whereby many local 
endemics are restricted to a particular plant association within a particular region, has 
been attributed to the physiography of the state (Breedlove, 1981; Breedlove, 1973); 
most of Chiapas is contained within narrowly restricted physiographic areas, three of 
which are strictly Chiapas phenomena (Breedlove, 1973). 
Magnolia sharpii is known to occur in only five small, fragmented populations 
(M. Gonzalez-Espinosa, pers. comm.). In a study of two sites in Huixtan, Chiapas, 
Gonzalez-Espinosa et al. (1993b) found that Magnolia sharpii occurred only in 
mature forest stands, where it constituted an understory tree. However, it has also 
been reported elsewhere as a canopy tree (Breedlove, 1981). Forest fragmentation 
and habitat modifications in the remaining forest fragments are limiting conditions 
for many understory trees (Gonzalez-Espinosa et al., 1993b). Therefore, this species 
is of immediate conservation concern. 
Several attempts of varying success have been made to bring it into cultivation. 
However, widespread cultivation seems unlikely as it lacks hardiness (Callaway, 
1994). The vernacular name in Tzetal is Tajchac (Callaway, 1994). 
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Plate 6: Herbarium specimen of Magnolia sharpii 
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Figure 4: Distribution map of Magnolia sharpii and Magnolia schiedeana 
Key 
F1 Area of states within which M. schiedeana occurs 
MW Area of Chiapas, the state within which M. sharpii occurs 
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3.5.3. Conclusion 
M. sharpii and M. schiedeana come from a taxonomic group and habitat that have 
had restricted distributions over the long term due to range contraction and human 
utilisation. In addition, these Mexican endemics and their habitat have also suffered 
from the more recent increase in deforestation rates and forest fragmentation. 
Therefore, these species have been selected for study in this project because of their 
immediate conservation concern, as well as for their suitability for studying the 
effects of fragmentation on genetic diversity. Species' genetic surveys conducted 
now will form baselines for future monitoring, in addition to providing a basis on 
which to evaluate the genetic implications of their conservation. 
3.6. Marker System Selection 
Genetic variation can be measured using quantitative genetic traits and/or genetic 
markers. For conservation purposes, information on species' genetic diversity can 
best be obtained by combining empirical data determining the level and distribution 
of genetic variation from a variety of genetic measures, such as quantitative 
morphometric and physiological traits, isozyme and DNA loci (Hamrick et al., 
1991). However, since resources for such extensive studies are frequently limited, it 
is usually necessary to select only one or two suitable measures. 
Quantitative genetic analysis provides a way of estimating population genetic 
variation based on data of phenotypic measurements from population samples 
(Ennos, 1996). It can provide information on the genetic structure of populations, 
including the adaptive potential of populations for ecologically relevant traits and the 
adaptive genetic differentiation among populations (Ennos, 1996). However, 
associated practical problems and the extent of resources needed to carry out 
quantitative genetic analysis on populations limits its application in conservation 
(Ennos, 1996). It is not a feasible option for this project. 
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There are many different kinds of genetic markers that can be used in molecular 
studies. The behaviour of a genetic marker depends ultimately on the DNA sequence 
that it represents. Genetic markers are distributed throughout the genome and resolve 
different types and timescales of genetic variation. The type of variation is 
determined by factors such as a marker's mode of inheritance and ploidy level and 
the influence of selection on it. The timescale of genetic variation is determined by a 
marker's mutation rate, which varies across the genome. The type and timescale of 
genetic variation influence the mode and tempo of evolution. Therefore, it is 
important to match the required level of taxonomic resolution; that is the expected 
amount of divergence between the groups studied, with a genetic marker that has an 
appropriate mutation rate and type of variation. 
In addition, markers vary in their technical advantages and disadvantages. As a result 
of all of these variations, it is critical to select the appropriate marker for a specified 
purpose. The genetic marker systems used in this project will now be discussed. 
3.6.1. Isozyme Analysis 
The most common technique used to measure the genetic diversity of plant 
populations has been isozyme analysis (Hamrick, 1990). Isozyme analysis detects 
loci in nuclear DNA coding for soluble enzymes (Schaal et al., 1991). There are 
several advantages to using isozyme variation studies in plants over other measures 
of genetic variation. Starch gel electrophoresis, the method used most frequently to 
study isozyme variation, is relatively inexpensive and can be applied to most plant 
species, as well as being relatively quick and simple (Hamrick et al., 1991). 
Protocols for many species have been published and this eases the development of 
isozyme systems. In addition, the technique produces consistent, reproducible 
results. Therefore, the same loci can be analysed across populations and related 
species, enabling comparisons of estimates of genetic variation levels and 
distributions (Hamrick et al., 1991). 
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Moreover, the mode of inheritance of most isozyme loci is known. As a result, 
genetic interpretations can be carried out in a known context; isozymes are usually 
nuclear markers that are b,iparentally, discrete Mendelian inherited and, therefore, 
flow through the population via both the pollen and seed (Hamrick et al., 1991). 
Also, the codominant nature of most isozyme loci allows the direct calculation of 
population parameters such as allele and genotype frequencies (Hamrick et al., 
1991). This contrasts to the statistical methods for dominant markers, such as 
Random Amplified Polymorphic DNAs (RAPDs), which have to take into account 
increased sampling variance and parameter estimation bias (Lynch & Milligan, 
1994). 
Isozyme data can be analysed in numerous ways to measure genetic differentiation, 
population subdivision, genetic diversity and gene flow (Schaal et al., 1991). As a 
result of this broad range of applicable analytical techniques and an appropriate rate 
of evolution, isozymes are powerful markers in describing patterns of genetic 
diversity within and between species (Schaal et al., 1991). Knowledge of the 
geographic component of the genetic structure of forest tree species is important for 
conservation management, as discussed in section 1.4; it gives a basis on which to 
assess the distribution of a genetic resource and evaluate the genetic implications of 
forest conservation. In fact, this method is particularly powerful for comparisons 
among closely related species that share long periods of evolutionary history, such as 
Magnolia species (Schaal et al., 1991). Differences in isozyme variation among 
evolutionary similar species most likely reflect differences in population processes 
that can affect total variation. In these species, the relative levels of genetic variation 
overall can be assessed with high likelihood from isozyme data (Schaal et al., 1991). 
Therefore, this genetic marker is suitable for fulfilling this projects aim of providing 
information on the level and structure of genetic variation in the study species which 
can be used to evaluate the genetic implications of their fragmented distributions. As 
a result, it has been selected for use in this project. 
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However, isozyme analysis does have its drawbacks. Only genes of a single class are 
analysed and loci are often selected on the basis of the ease of product extraction and 
the ability to migrate and resolve on a starch gel (Schaal et al., 1991). In addition, 
only nucleotide differences in these genes that lead to changes in amino acid 
composition are detected. Furthermore, detection is usually limited to those changes 
in amino acid composition that result in a net change in electrostatic charge of the 
product molecule (Schaal et al., 1991). It is estimated that about 67% of alleles per 
locus are not detectable by electrophoresis (Ayala, 1982). Therefore, isozyme 
analysis represents a small, specific portion of an individuals genotype. Moreover, 
the assumption that isozyme variation is neutral has been questioned (Helgason, 
1993). As a result of these factors, its use as an indicator of overall genetic variation 
in a population has been doubted. There is controversy over the correlation between 
isozyme diversity and other measures of genetic diversity that may be of importance 
in genetic conservation, such as DNA-based nuclear markers and quantitative traits 
(Hamrick et al., 1991; Schaal et al., 1991). However, isozyme variability is a good 
measure of the relative variation among populations and species, even if it has no 
more value as an absolute indicator than any other genetic marker. 
3.6.2. Restriction Fragment Length Polymorphism (RFLP) 
Analysis of Chioroplast DNA (cpDNA) PCR Product 
DNA-based methods, particularly those using the Polymerase Chain Reaction (PCR), 
are becoming increasingly popular for population studies because they can supply a 
large number of markers that better represent genomic variation (Gillies et al., 1996). 
One such marker system has been selected for investigation in this project. It is 
Restriction Fragment Length Polymorphism (RFLP) analysis of chloroplast DNA 
(cpDNA) PCR product. 
Chloroplast DNA is a circular molecule usually between 135kb and 160kb in size 
(Palmer & Stein, 1986). Magnolia grandiflora cpDNA is approximately 190kb 
(Tobe, 1993). The inheritance of cpDNA is cytoplasmic, that is it is independent of 
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the nuclear genome. In addition, it is predominantly maternally inherited in 
angiosperms (Harris & Ingram, 1991). It has been determined as such in Magnolia 
species using two lines of evidence. The first evidence supporting maternal 
inheritance of plastids in Magnolia was Comveau & Coleman's (1988) cytological 
diagnosis using epifluorescence microscopy. This study did not detect plastid DNA 
in pollen of a Magnolia species. Later, genetic evidence supported this finding when 
Tobe et al. (1993) used restriction fragment analysis to determine the mode of 
cpDNA inheritance in Magnolia. Crosses, including M. grandiflora, which is in the 
same taxonomic section as the study species, demonstrated uniparental-maternal 
inheritance (Tobe et al., 1993). 
However, there is accumulating evidence that exceptionally transmitted plastids may 
occur from within any category in angiosperms. For example, species that express 
predominantly maternal inheritance may show trace levels of biparental inheritance 
(Sewell et al., 1993). The species that show this pattern are mostly cultivated plants 
(Sewell et al., 1993). However, there is genetic evidence from cpDNA RFLP 
analysis that undomesticated plants from two genera of Magnoliaceae, Liriodendron 
and Magnolia, also exhibit maternal inheritance of plastids with trace uniparental 
paternal inheritance. One interspecific hybrid of Magnolia out of nine displayed 
uniparental paternal inheritance (Sewell et al., 1993). Hybridisation may be a factor 
in increasing the frequency of paternal plastid transmission by breaking down the 
normal barriers to such transmission. 
cpDNA analysis can be used to investigate the genetic structure of forest tree species. 
Numerous studies using nuclear markers have shown that, despite a high species' 
genetic diversity, only a small fraction of the total diversity in forest trees accounts 
for population differentiation (Hamrick & Godt, 1989). In particular, interpopulation 
gene flow has been so large in many outcrossing species that levels of differentiation 
obtained from biparentally inherited nuclear markers are too small for informative 
analysis (Ennos, 1996). Analysis of differentiation using maternally inherited 
markers can overcome this problem. Angiosperm cpDNA variation often displays a 
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greater degree of differentiation than nuclear markers, such that the majority of the 
genetic variation is distributed among rather than within geographic populations 
(Birky et al., 1989; El Mousadik & Petit, 1996a). For example, Petit et al. (1993) 
found highly significant geographic variation and high genetic differentiation in 
chloroplasts in European oaks. This is because predominantly maternally inherited 
cpDNA, being transmitted by the female gamete, may only migrate in the seed. This 
contrasts with biparentally or paternally inherited markers which may migrate twice, 
in both the pollen and the seed. 
The increase in resolution of genetic differentiation obtained from using cpDNA as a 
genetic marker is important for forest tree species' conservation management and for 
evaluating the genetic implications of their conservation (Dawson et al., 1995). For 
example, a description of the geographic structure of the threatened argan tree was 
efficiently recovered using cpDNA so that this information could be incorporated 
into an efficient conservation plan for this species (El Mousadik & Petit, 1996a). 
Therefore, this genetic marker is suitable for fulfilling this project's aim of providing 
information on the genetic structure of the study species which can be used to 
evaluate the genetic implications of their fragmented distributions. 
However, cpDNA is highly conserved in size, structure and sequence (Palmer & 
Stein, 1986). As a result of its conservative molecular arrangement and sequence 
(Tobe et al., 1993) and low mutation rate (Zurawski et al., 1984), cpDNA has been 
used primarily as an interspecific marker, with classical RFLP-probe analysis being 
the preferred method of choice (Tobe et al., 1993). Magnolia species, including 
M. sharpii and M. schiedeana, have been studied in this way (Golenberg et al., 1990; 
Tobe, 1993; Qui, Chase & Parks, 1995). Tobe (1993) used cpDNA to produce a 
phylogenetic treatment for Magnolia in eastern North America. Preliminary 
investigation using cpDNA probes from M. grandiflora showed low variability in 
genetic divergence of cpDNA among populations of eastern North American 
Magnolia taxa (Tobe et al., 1993). Interspecific cpDNA variation in Liriodendron 
(Magnoliaceae) has also been investigated (Parks & Wendel, 1990). However, 
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classical RFLP-probe analysis of the chioroplast genome tends to produce fragments 
where the polymorphic region is attached to long uninformative stretches. The 
resulting low resolution can obscure polymorphisms. 
PCR amplification allows better targeting of the most polymorphic regions for 
screening by eliminating likely uninformative regions and focusing on potentially 
informative ones. In fact, the increased resolution from PCR amplification of the 
fastest mutating, noncoding regions (Zurawski et al., 1984) has greatly facilitated 
intraspecific cpDNA detection, and there is now an increasing number of reports of 
intraspecific variation in cpDNA (Hams & Ingram, 1991; Milligan, 1991; Soltis et 
al., 1992). Approximately half of all cpDNA mutations are due to short 
insertions/deletions (1-10 bases) located primarily in these noncoding regions 
(Zurawski et al., 1984). Universal primers have been designed to enable PCR 
amplification of these regions over a wide range of taxa (Taberlet et al., 1991; 
Demesure et al., 1995; Dumolin-Lapegue et al., 1997). 
DNA polymorphisms can be detected in the PCR products by sequencing, although 
this is expensive and time consuming, or simply and quickly by analysing with 4-
base recognition restriction enzymes. Restriction enzymes cleave DNA at a constant 
position within a specific nucleotide recognition sequence, generating a series of 
fragments of different lengths. Cleavage specificity ensures that complete digests 
give reproducible results. Restriction digest fragments are sorted according to size by 
gel electrophoresis and directly visualised using ethidium bromide. The number and 
size of fragments can then be compared not only across a gel but also between gels, 
populations and species. Differences between restriction digests are the result of 
heritable changes in the DNA; point mutations, DNA rearrangements, insertions or 
deletions can create or destroy cleavage sites, and the latter three can also alter the 
relative position of a cleavage site. These variations in number and/or size of 
fragments are called restriction fragment length polymorphisms (RFLPs). 
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Many kilobases of a plants' cpDNA can now be amplified with the universal primers 
and be scanned to identify polymorphisms. Therefore, analysis of intraspecific 
cpDNA genetic variation using the cpDNA PCR-RFLP method can now be 
conducted rapidly and relatively cheaply, often proving more effective than other 
marker systems (Ferris et at., 1993; Demesure et at., 1995; Ferris et al., 1995; 
Demesure et al., 1996; El Mousadik & Petit, 1996a). For example, despite the slow 
evolution of cpDNA in Quercus, RFLP of cpDNA PCR products proved efficient at 
detecting intraspecific polymorphisms and was more effective than other methods 
used previously on the same species; classical RFLPs and sequencing of a single 
cpDNA region (Demesure et al., 1995). As a result of the increased resolution of 
genetic differentiation obtained, cpDNA is a suitable genetic marker for fulfilling this 
project's aims of providing information on the genetic structure of the study species. 
This can be used to assess the genetic implications of their conservation. In addition, 
the practical benefits of RFLP analysis of cpDNA fragments amplified using 
universal primers make this the preferred method of choice for analysing the cpDNA 
in this project. 
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4. Materials and Methods 
4.1. Fieldwork 
4.1.1. Sampling Strategy: Sampling Design 
When studying the geographic distribution of genetic diversity, the optimal sampling 
design is that which yields the smallest variance for the population parameter(s) 
being measured for a given total sample size. The total number of individuals 
sampled is constrained by practical limitations. Therefore, the partitioning of 
sampling effort within and between populations is an important consideration in 
optimal sample design. Due to the expected varying patterns of genetic variation 
distribution within the two genetic marker systems being studied in this project, each 
has a different optimal sampling strategy. 
As a result of the predominantly maternal inheritance of cpDNA, it is expected to 
have the majority of its genetic variation distributed among, rather than within, 
geographic populations (see section 3.6.2.). Therefore, in order to get accurate, 
precise measurements of population parameters such as overall genetic diversity and 
genetic differentiation, it is predicted that an increase in the number of populations, 
rather than an increase in individuals within populations, will he of primary 
importance in genetic variation surveys. The optimal sampling strategy for this 
haploid single locus case was investigated by Pons & Petit (1995), using a study of 
cpDNA diversity in European oak species (Petit et al., 1993). They confirmed that 
the sampling of populations, rather than that of individuals within populations, 
limited the precision of genetic differentiation estimates. In fact, they calculated a 
very small optimal sample size per population of 2.5, which is independent of the 
total sampling effort. This emphasised the need to sample as many populations as 
possible at the expense of the number of individuals per population. 
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However, the choice of sample size per population is also dictated here by the 
distribution of isozyme variation. Hamrick & Godt (1989) observed that an average 
of 78% of the total isozyme variation at polymorphic loci in plants is found within 
populations. As a result of the majority of its genetic variation being distributed 
within, rather than among geographic populations, most of the total genetic content 
of most plant species is present in a single 'typical' population. Therefore, in order 
to get accurate, precise estimates of population parameters such as overall genetic 
diversity and allele frequencies, it is necessary to capture this within population 
diversity. As a result, the within population sample must be sufficiently large. This 
contrasts cpDNA analysis, where an increase in the number of populations, rather 
than individuals within populations, is of primary importance in genetic variation 
surveys. Therefore, the optimal sampling strategy here has to be a compromise 
between the conflicting sampling options of the two genetic marker systems. A 
suitable balance was achieved in this study by sampling approximately 30 individuals 
from four populations of M. sharpii and three populations of M. schiedeana. 
4.1.1.1. Population Sample Size 
There is no previous data on genetic differentiation in these species on which to 
assess the optimal sample design. However, predictions of genetic variation levels 
based on a species' geographic range and breeding system suggest that the study 
species, with their mixed animal breeding systems and relatively narrow geographic 
ranges, will show relatively low levels of genetic variation within their populations, 
as well as within species, but high levels of genetic variation between populations 
(see section 1.2). 
In order to capture this genetic diversity in the isozyme analysis, which is expected to 
be mostly distributed within rather than among geographic populations, the within 
population sample must be considerable. However, it must be remembered that the 
law of diminishing returns applies to sampling programs within populations; as the 
sample size increases, each subsequent addition is successively less likely to contain 
C 
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new genetic variation. A balance between sufficiency and efficiency that is 
commonly used in isozyme studies is a sample size of thirty. This is the sample size 
employed in this study. It is adequate to obtain accurate, precise population 
parameter estimates for the isozyme analysis while leaving sufficient resources 
available to sample several populations; a key prerequisite for the cpDNA analysis. 
The sample size was kept constant throughout the populations studied as differences 
in population size of more than one order of magnitude are necessary before sample 
size is significantly affected (Falk & Holsinger, 1991). 
4.1.1.2. Number of Sample Populations 
The selection of M. sharpii sample sites was constrained by the small number of 
known population sites, with four out of the five known sites being sampled. 
M. schiedeana samples were collected from a comparable number of sites. This 
number of sample sites reflects a balance in partitioning the sampling effort between 
and within populations in an effort to achieve the optimal sampling strategy for the 
marker systems used. It is adequate to get an accurate measurement of cpDNA 
genetic differentiation for these species while leaving enough resources available to 
sufficiently sample within populations; a key prerequisite for isozyme analysis. 
4.1.2. Sampling Strategy: Selection of Specific Sample 
Populations 
Figure 5 illustrates the locations of the sample sites within Mexico and figure 6 
summarises some more specific site location details. The latter figure's data was 
recorded during the fieldwork: fragment size was estimated after having investigated 
the fragments and talked to local people who were familiar with the area; altimeter 
readings gave the altitude values; and geographical coordinates were obtained using a 
hand-held GPS receiver, a Silva GPS compass, using true bearings. Plate 7 and 8 
illustrate two of the sample sites, Yerbabeuna and Acatlan, respectively. 
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Figure 6: Magnolia sharpii and Magnolia schiedeana sample site location 
details 
A: M. sharpii sample sites 
Site no.(see fig. Site name 	Altitude 
5 for locations) (in) 
1 Bazom 2490 
2 Achlum 2400 
3 El Retiro 2070 
4 Yerbabeuna 2120 
Geographical coordinates Approx. 
(lat., long.) 	 size (ha) 
	
16°4472"N. 92 028'58'W 	15 
6 04658'N. 92 027'25"W 	4 
16 04911 "N, 92°29'11 "W 	15 
17 0 1 1'50"N, 92 05379"W 	150 
B: M. schiedeana sample sites 
Site no.(.see fig. 5 Site Altitude Geographical Approx. 
for locations) name (m) coordinates size (ha) 
(fat., long.) 
5 Banderill 1520 19°3497"N, 96o56180!W 5 
a 
6 Acajete 1950 19-33'61"N, 97°01'05W 15 
7 Acatlan 1810 19 040'78"N. 96°51'20"W 5 
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Plate 7: Site 4, Yerbabeuna 
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The sample sites were selected so that the predictions constructed in the aims could 
be investigated in the data analysis: 
Of the M. sharpii sample sites, site 4 is more geographically isolated by distance 
than the other three population sites (sites 1-3 are clustered within less than 
15kms, while site 4 is between approximately 55 and 70kms away from sites 1-3). 
Therefore, compared with the other less isolated populations of 1-3, site 4 is 
expected to have lower levels of gene flow to the other populations, and so lower 
levels of genetic variation within its population and higher levels of genetic 
differentiation. 
• The three M. schiedeana populations are located within 25kms of each other (site 
6 is located within 25 kms of site 7, and site 5 is located within 10km and 20kms 
of site 6 and 7, respectively). Site 7 is the most geographically isolated of these 
populations. However, it is less isolated from the other M. schiedeana sites than 
site 4 is from the other M. sharpii sites. Therefore, site 7 may have lower levels of 
gene flow to sites 5 and 6 compared with gene flow between the latter sites. 
Nevertheless, it would be expected to have higher levels than site 4 has to the 
other M. sharpii sites. As a result, site 7 may have lower levels of genetic 
variation within its population and higher levels of genetic differentiation 
compared with the marginally less isolated sites 5 and 6. However, these 
differences are expected to be less pronounced than for site 4. 
• By selecting three M. schiedeana sites that were comparable in geographical 
isolation and size to sites 1-3, it is possible to investigate the predictions based on 
species' geographical range. M. schiedeana should have higher genetic variation 
overall and within its populations compared with M. sharpii because it has a wider 
geographic range. However, there should be no difference in the relative amount 
of between population variation. 
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In addition, the largest populations of M. sharpii and M. schiedeana, sites 4 and 5, 
respectively, are expected to have more genetic variation than the smallest ones, 
sites 7 and 3, respectively (see section 5.1. for population size estimation). 
4.1.3. Sampling Strategy: Sample Collecting 
Sampling strategies can be complex and there is considerable debate about the 
advantages and disadvantages of different sampling techniques (Schonewald-Cox et 
al., 1983; Hart] & Clark, 1990; Falk & Holsinger, 1991). The sampling strategy 
should take into consideration the population and habitat structure of each population 
being sampled. Ideally, a reconnaissance survey of each population would identify 
all M. sharpii or M. schiedeana trees and map population distribution features, such 
as clustering. Along with available maps, the survey would also identify habitat 
gradients and patches, like steep attitudinal ranges and different ecotypes. 
Stratification would use the distribution of these features to divide each population 
into strata groups. Random samples would then be taken within each group 
proportional to the number of M. sharpii or M. schiedeana trees it contained. Such a 
random stratified sampling strategy attempts to overcome and account for possible 
uneven distributions of genetic variation within populations (Falk & Holsinger, 
1991). However, a suitable sampling strategy also has to take into account the time 
and resources available. The random stratified sampling scheme described was too 
resource demanding for this project and an alternative strategy was sought. A simple, 
alternative strategy commonly used in genetic surveys is to sample trees using a fixed 
minimum separating distance (e.g. Gillies et al., 1996) or simply to sample non-
adjacent trees (El Mousadik & Petit, 1996a). 
A modification of such a simple sampling system was used as a compromise between 
the resources available and minimising bias and imprecision in the sampling 
procedure. Samples were collected throughout the entire area of a site using a 
minimum fixed separating distance of lOm. This distance was constrained by the 
small fragment sizes; if a suitably large sample size (30 individuals/population) was 
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to be obtained, this was the largest possible separating distance that could be 
employed. This was adhered to throughout sampling, except at Site 7, where there 
were very few individuals in the population. The separating distance was 
occasionally less than lOm here in order to obtain an adequate sample size. The 
minimum separating distance here reached 2m. 
Other considerations for the sample collecting were: 
• Trees were defined as woody plants exceeding 3m in height and 3cm in diameter 
at breast height (dbh) for M. sharpii and 2m in height and 2.5cm dbh for M. 
schiedeana. These levels were determined by the nature of the Magnolia trees 
found at the sites. They were adhered to throughout the sampling, except at Site 7 
again, where a few individuals as small as im in height and 0.5cm dbh were 
collected in order to obtain an adequate sample size. 
• Leaf and bud material was collected from each individual. Leaf material was 
dried and preserved in labelled, sealable plastic bags containing silica gel (28-200 
mesh, average pore diameter of 22 A) in order to maintain the DNA in a relatively 
undegraded, uncontaminated state. In addition, fresh leaf and bud material was 
stored in loosely sealed, labelled 'stayfresh longer' bags supplied by Lakeland 
plastics. The material was stored in cool, dark conditions prior to DNA 
extraction. Upon return of field work, the fresh leaf and bud material was 
transferred from cool, dark storage conditions to a refrigerator at 4°C before 
isozyme extraction was carried out. 
• Six of the sample sites had representative herbarium specimens of the study 
species in the herbaria of the institutes visited (ECOSUR, Chiapas and Instituto de 
Ecologia, Veracruz). Site 3, El Retiro, did not. Therefore, a voucher specimen of 
M. sharpii from this site was deposited in the herbarium at ECOSUR, Chiapas to 
provide permanent, physical documentation. 
• Simple sample mapping at each site was carried out using a compass and pacing. 
This provided spatial information that could be of importance in later data 
interpretation. 
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4.1.4. Collection of Herbarium Records 
Data was collected from herbarium records of M. sharpii and M. schiedeana which 
were consulted at: ECOSUR, Chiapas; Instituto de Ecologia, Veracruz; the British 
Natural History Museum, London; and the Royal Botanical Gardens, Kew, London. 
In addition, data from herbarium records from the University of Mexico and the 
California Academy of Sciences were accessed and collected via a Flora of Chiapas 
database held by Dr Mario Gonzalez-Espinosa at ECOSUR. The data from these 
combined sources was compiled into a reference database. 
4.2. Laboratory Work: RFLP Analysis and Sequencing of cpDNA PCR 
Product 
Appendix 1 contains a glossary of the full names of all the abbreviated chemicals 
used throughout sections 4.2. and 4.3 
4.2.1. Samples Used in Protocol Development 
Prior to the sample collecting, protocols for the chioroplast analysis were tested and 
optimised using dried samples of M. sharpii and M. schiedeana that had been 
previously collected. The M. schiedeana samples originated from site 6, Banderilla, 
and were approximately one month old prior to use. The M. sharpii samples were 
collected from site 2, Achlum, over one year before being utilised. Using this 
material to develop the techniques prior to sampling ensured that these methods 
would be applicable to the samples collected, which would be approximately one 
month old before being analysed in the laboratory. However, before screening with 
the optimised protocols, a suitable population sample size had to be selected. 
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4.2.2. Population Sample Size 
As discussed in section 4.1.1.1., there is no previous data on genetic differentiation in 
these species on which to assess the optimal population sample size. However, recall 
from section 4.1.1. that Pons & Petit (1995) calculated a very small optimal sample 
size per population of 2.5 from cpDNA data. This minimised the variance for 
genetic differentiation, a population parameter of central interest in cpDNA analysis, 
and was found to be independent of the total sampling effort. Based on this finding, 
when the number of populations is limited, there is little point in increasing the 
sample size per population past values situated around five individuals per 
population since the decay of variance in genetic differentiation becomes very low 
after this limit (Pons & Petit, 1995). Therefore, a population sample size of four was 
viewed as a suitable balance between sufficiency and efficiency for the chloroplast 
DNA analysis in this project. By analysing only a few individuals per population, 
resources could be concentrated on identifying between population variation by 
digesting as many PCR fragments as possible from the sample individuals with as 
many restriction enzymes as possible. As cpDNA is expected to have the majority of 
genetic variation distributed among rather than within its populations (see section 
3.6.2.), this is a prudent strategy for cpDNA variation screening. A subsample of 
four was selected at random from the sample population of thirty collected from each 
site. 
In addition to the samples of M. sharpii and M. schiedeana studied, one sample of 
each of two other species was included in the cpDNA analysis: Magnolia grandflora 
and Magnolia dealbata Zucc. The former is a member of section Theorhodon and 
occurs in SE USA, as discussed in section 3.5.1. A sample was obtained from the 
Royal Botanic Gardens, Edinburgh. Its account details are as follows: account 
number 19594110; received at the Royal Botanic Gardens, Edinburgh on 28.09.59; 
Plant source, US National Arboretum; from a cultivated plant/not of known wild 
origin. M. dealbata is a little known species, thought extinct until 1977 when the 
species was rediscovered. It belongs to section Rhytidospermum Spach. 
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(Vázquez, 1994). Its range overlaps with M. schiedeana, being found in cloud 
forests in the Mexican states of Hidalgo, Oaxaca and Veracruz at elevations between 
1400 and 2000m (Hernandez, 1980; Vovides & Iglesias, 1996). The sample of M. 
dealbata was collected from Talea, near Istlan in Oaxaca by Dr A. Newton in March, 
1998. These two samples were included in the analysis when it became evident that 
cpDNA RFLP analysis in M. schiedeana and M. sharpii was yielding little 
intraspecific variation. By including samples of an additional two species, it was 
possible to assess the effectiveness of this marker as a phylogenetic marker within 
this closely related group. This enabled the taxonomic level at which this marker 
best resolves genetic variation within this group of Magnolia to be investigated. 
4.2.3. DNA Extraction and Dilution 
4.2.3.1. DNA Extraction 
Genomic DNA extraction protocols have not been previously published for 
M. sharpii and M. schiedeana. However, previous molecular work on M. latahensis 
(Berry) Brown, an extinct Miocene Magnolia thought to have a close affinity with 
the extant section Theorhodon (see section 3.4), established a protocol for DNA 
extraction from Magnolia leaves (Golenberg et al., 1990). This was also achieved by 
Qui, Chase & Parks (1995) for several extant Magnolia. In both instances, a 
modified CTAB extraction procedure was used (Golenberg et al., 1990; Qui, Chase 
& Parks, 1995). In addition, modifications of the Doyle & Doyle (1990) CTAB 
method have been followed to extract DNA that has subsequently been used for PCR 
amplification using the universal cpDNA primers that we used in this study (Taberlet 
et al., 1991; Demesure et al., 1995; Petit et at., 1993; Ferris et al., 1995; Boscherini 
et at., 1994). Therefore, all DNA extractions in this project were conducted 
according to a modified procedure of the CTAB method (Doyle & Doyle, 1990). The 
procedure was as follows: 





• 1.4M NaCl 
• 20 p.M EDTA 
• l% PEG 8000 
• lOOmMTris 







• pH 8.0 (HCI) 
Method: 
Weigh out 0.lg of dried leaf material. 
Grind to a fine powder with a pestle and mortar using liquid nitrogen. 
Add 800u1 of CTAB buffer and transfer to an appropriately labelled 1.5m1 
eppendorf tube. 
Keep on ice until incubated at 65°C for 45 minutes in a water bath. This lyses the 
cells. 
Add 800j.tl of chloroform:isoamylalc (24:1). 
Shake for 10 minutes on a horizontal shaker to precipitate out the proteins and 
dissolve the lipids in the chloroform. 
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Centrifuge for 10 minutes at 13 000rpm in a Sanyo, MSE, MicroCentaur 
Centn fuge. 
Remove the aqueous layer and transfer to a clean, labelled 1.5ml eppendorf tube. 
Discard the remaining solution. 
Repeat steps 5-8. 
10.Add 800.tl of isopropanol and mix by gentle inversion for 30 seconds to 
precipitate out the DNA. 
1 1.Centrifuge for 30 seconds at 13 000rpm. 
12.Discard the supernatant and air dry the pellet for 5 minutes. 
13.Add 800tl of 70% ethanol and hand shake until the pellet is resuspended. This 
washes the DNA. 
14.Centrifuge for 30 seconds at 13 000rpm. 
15.Discard the supernatant and air dry the pellet for 15 minutes. 
16.Repeat steps 13 to 15. 
17.Dissolve in 200tl of TE buffer. 
18.Use a Hybaid recovery DNA Purification kit II as a further clean up step in the 
DNA extraction process. Follow the manufacturers protocol for DNA purification 
from solutions. Add 50pJ of elution buffer in the final step. 
19.Store stock DNA in the refrigerator at 4°C. 
4.2.3.2. DNA Visualisation 
The integrity of the DNA was assessed through visualisation on a lOOmI 2% agarose 
gel made with 0.5x TBE buffer. The following procedure was followed: 
Reagants: 
Agarose 
TBE buffer (0.5x): 
• 0.045M Tris-borate 
• 0.001M EDTA 	pH 8.5 (HCI) 
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Loading buffer: 
• 0.2% Bromophenol blue 
• 0.2% Xylene cyanol 
• 25% Ficoll 400 
• in H20 
GibcoBRL, Life Technologies 1Kb DNA ladder 
10mg/mi stock ethidium bromide 
Stock genomic DNA 
Method: 
Mix 51.tl  of each stock DNA with 1l.tl  of loading buffer. 
Load this 6j.tl mixture per well of a prepared 2% agarose gel submerged in 0.5x 
TBE buffer in an electrophoresis tank. 
Load 10tl of lkbp marker to the terminal gel wells. 
Run the gel at 100 volts for 90 minutes on a Biorad powerpac 300. 
Stain the gel with 1.tg/ml ethidium bromide in 0.5x TBE buffer with gentle 
agitation for 30 minutes on a horizontal shaker. 
View the gel under 1.JV light using a UVP transilluminator and photograph the gel 
with a UVP camera attached to a Mitsubishi video copy processor that uses 
thermal paper. 
4.2.3.3. DNA Quantification and Dilution 
All resulting stock DNA samples were quantified using a Hoefer DyNA Quant 200 
fluorometer. Estimates of DNA concentrations in the stock DNA samples were made 
following the manufacturers protocol. The fluorometer was calibrated to 500pgIm1 
using 2tl of standard DNA in 2m1 of working dye. For each sample, concentrations 
were read for 2j.il of stock DNA added to 2ml of working dye. The machine was 
zeroed between every sample with 2m] of working dye. 
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Stock DNA concentrations usually ranged between 450 and 1200 tg/ml. Therefore, 
in every case, the final DNA extraction volume of 50.tI was more than sufficient for 
the PCR analysis. DNA concentration for PCR amplification should be 
approximately 25ng/pi, an acceptable range being 10-50ng/ul. The stock DNA 
samples were diluted in lx TE to approximately 25nglul, with dilutions usually 
ranging from 1:20 to 1:50. Alliquots were taken from the stock DNA samples for 
dilution when necessary. Prior to dilution into an appropriately labelled 0.5ml 
eppendorf tube, the DNA stock samples were homogenised by hand flipping and 
vortexing. These DNA dilutions were stored in the refrigerator at 4°C. 
4.2.4. PCR of cpDNA Fragments Using Universal Primers 
PCR amplification of cpDNA fragments was investigated using the universal 
chioroplast primers of Taberlet etal. (1991) and Demesure etal. (1995). Taberlet et 
al. (1991) designed 6 universal primers for the amplification of three non-coding 
regions of cpDNA. The primers lie in tRNA exons which are found in the single 
copy region of cpDNA, an area with a higher rate of molecular evolution than the 
inverted repeat region (Wolfe et al., 1987). These exons are highly conserved 
regions which flank more variable ones. A Magnolia species was successfully tested 
for PCR amplification using one pair of Taberlet etal. (199 1) primers (c and d for the 
intron of the trnL (UAA) gene). The others were successfully tested on other 
angiosperms. Demesure et al. (1995) designed an additional 9 cpDNA primer pairs, 
most of which are anchored in the highly conserved tRNA genes and amplify non-
coding sequences. They were all successfully tested on angiosperms. 
4.2.4.1. PCR Protocol Development 
Initially, similar PCR conditions to those adopted by Taberlet et al. (1991) and 
Demesure et al. (1995) were employed in testing the use of all the Taberlet et al. 
(1991) and Demesure et al. (1995) primers and optimising the PCR reactions for 
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those that were selected for sample screening. PCR conditions were varied to test all 
the primer pairs and optimise the PCR reaction for each of the selected primer pairs. 
Reagents: 
The range of each PCR reaction mixture constituent tested was: 
• Bioline Taq buffer (16mM [NH4 ] 2SO4, 67mM Tris-HC1 (pH 8.8), 0.1% Tween-
20) or Promega Taq buffer (10mM Tris-HCI (pH 9 @ 25°C), 50mM KC1, 0.1% 
Triton X-100) 
• 1 unit of Bioline Taq polymerase or Bioline BIO-X-ACT Polymerase or Promega 
Taq polymerase 
• 1.5-5mM MgCl2 
• 200 gM of each of the four dNTPs 
• 0. 16-0.2j.tM of each primer 
• Approximately 25ng/tl of genomic DNA dilution. 
• Sterile distilled H 20 
Method: 
The following method was adhered to for all PCR amplifications except where 
variations are stated. 
1 Combine reaction mixture components (minus DNA and primers) in a stock 
solution according to the number of samples being amplified. 
2 Add the appropriate volume of stock solution for a 10tl, 25j.tl or 50j.tl reaction to 
a labelled 0.5m1 eppendorf tube. 
3 Add genomic DNA and primers to each tube. 
4 Cover each tubes' contents with 1 drop of mineral oil. Close tube caps firmly. 
5 Pulse centrifuge. 
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6 Amplify DNA using a Perkin Elmer DNA Thermal Cycler. The PCR programme 
was varied to test all of the primer pairs and optimise the PCR reaction for each of 
the selected primer pairs. The range of each program step tested was as follows: 
• 1 cycle of 2-3 minutes at 94°C (denaturation) 
• 40 cycles of 1 minute at 94°C (denaturation), 1-1.5 minutes at 52-62°C 
(annealing), 1-3 minutes (depending on the length of the fragment to be amplified) 
at 72°C (elongation) 
• 1 cycle of 5 minutes at 72°C (elongation) 
• Cool soak at 4°C 
7. Store PCR product in the refrigerator at 4°C. 
As optimal PCR conditions can vary according to the thermocycler used, the same 
PCR machine was used throughout the study. PCR products were visualised by UV 
fluorescence after electrophoresis on a 2% agarose gel stained with ethidium 
bromide. This was as for section 4.2.3.2. except that the amplification product was 
loaded in place of the stock genomic DNA. Notes were made on features such as 
product abundance, primer-dimer formation and smeared bands. 
4.2.4.2. Optimised PCR Protocols 
The primer pairs selected for PCR amplification of the samples to be screened were c 
& d, e & f (Taberlet et al., 1991), A, B, E and H (Demesure et al., 1995). These 
primer pairs yielded the sharpest, clearest PCR products. The other primer pairs 
produced either: (a) no or insufficient PCR product or (b) non-specific PCR products 
as well as the desired, targeted cpDNA fragment. The selected primers' positions 
within cpDNA, sequences and observed lengths are listed in figure 7. The optimised 
PCR reaction mixture and amplification procedure for each selected primer pair are 
listed in figures 8 and 9, respectively. Otherwise, the method was followed as stated 
in the method in section 4.2.4.1. lOOjtl of each of these fragments was amplified by 
PCR (2 x 50tl reactions) for all of the samples to be screened. This was a sufficient 
amount for the restriction digest screening. From here on in, the fragments amplified 
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using the selected primer pair will be referred to by the primer pair's name, for 
example, fragment cd. 




Primer position Primer sequence 
5' . 3' 
Length of primer pair 
(bp) in Tobacco for c & d 
and e & f (Taherlet et al., 
1991) and in Q.robur for 
A, B, E & H (Demesure et 
al., 1995). 
C trnL (LJAA) 5' exon CGAAATCGGTAGACGCTACG 577 
d trnL (UAA) 3' exon GGGGATAGAGGGACUGAAC 
e trnL (UAA) 3' exon GGTTCAAGTCCCTCTATCCC 438 
f trnF (GAA) ATFTGAACTGGTGACACGAG 
Al trnH (GUG) ACGGGAAYTGAACCCGCGCA 1690 
A2 trnK (UUU) exon 1 CCGACTAGTTCCGGGTTCGA 
BI IrnK(UUU) exon 1 GGGTTGCCCGGGACTCGAAC 2580 
B2 trnK (UUTJ) exon 2 CAACGGTAGAGTACTCGGCTT 
TTA 
El psbC GGTCGTGACCAAGAAACCAC 1680 
E2 trnS (UGA) GGTTCGAATCCCTCTCTCTC 
Hi trnS (GGA) CGAGGGTFCGAATCCCTCTC 1500 
H2 trnT(UGU) AGAGCATCGCATTFGTAATG 
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Figure 8: Optimised PCR reaction mixture for the selected primer pairs 
Reaction constituent Concentration/amount 
Promega buffer 




Genomic DNA -25ngIj.tl 
Sterile distilled water 
Figure 9: Optimised PCR amplification program for the selected primer pairs. 
Cycling: denature, annealing & extension 
PCR step 	Denaturation 	Denaturation 	Annealing 	Extension 	Final Taq 	Cool 
Extension 	Soak 
Temp. (oC) 	94 	- 	94 	' 58(62)[56] 	72 	72 4 
Time (mm.) 	2 	 1 	 1 	2(3) 	5 	00 
cycle x 40 
Numbers not in parenthesis apply to all selected primer pairs except where there are adjacent numbers 
in parenthesis: ( ) indicates an alteration that applies to A & B primer pairs and [ I indicates an 
alteration that applies to E & H primer pairs. 
Section 4: Materials and Methods 	 69 
4.2.4.3. PCR Amplification Using Primer Pair H 
Intraspecific variation was detected in M. schiedeana in the Demesure et al. (1995) 
fragment H. Therefore, the M. schiedeana population sample size was increased to 
twelve for this fragment in order to obtain a more accurate estimate of genetic 
differentiation between these populations for this polymorphism. Eight more 
samples were selected at random from the original sample population of thirty 
collected from each M. schiedeana site. The DNA was successfully extracted and 
diluted according to the procedure outlined in section 4.2.3. However, PCR 
amplification of this fragment failed to work on these new DNA extractions under 
the conditions specified in section 4.2.4.2. for primer pair H. 
In addition, as the cpDNA RFLP analysis in M. schiedeana and M. sharpii was 
yielding little intraspecific variation, the screening was expanded to include two 
samples from the other two species: Magnolia grandiflora and Magnolia dealbata. 
The cpDNA fragments were successfully amplified and digested in these samples 
with the exception of fragment H. It failed to amplify under the conditions specified 
in section 4.2.4.2. for primer pair H. 
Therefore, repeat PCR amplifications using primer pair H and the conditions 
specified in section 4.2.4.2. were attempted on previous DNA extractions, which had 
been successfully amplified in section 4.2.4.2. Now the amplifications were 
unsuccessful. As a result of this change in success, PCR conditions were once again 
varied to try to identify and rectify the misdemeanour and reoptimise the PCR 
reaction for this primer pair. The range of conditions tested will now be described. 
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Reagents: 
The range of each PCR reaction mixture constituent tested was: 
• Bioline Taq buffer (16mM [NH4 } 2SO4, 67mM Tris-HCI (pH 8.8), 0.1% Tween-
20) or Promega Taq buffer (10mM Tris-HC1 (pH 9 @ 25°C), 50mM KCI, 0.1% 
Triton X-100) 
• 1 unit of Bioline Taq polymerase or Bioline BIO-X-ACT Polymerase or Promega 
Taq polymerase 
• 1.5-3.5mM MgCl2 
• 200 jtM of each of the four dNTP 
• 0.5 molar Betaine 
• 0.2.tM of each primer 
• approximately 25ng/jtl of genomic DNA dilution (in addition to dilutions that 
should give —25ng/jtl of genomic DNA based on fluorometer readings, greater and 
smaller dilutions were also carried out). 
• Sterile distilled H 20 
Method: 
Amplifications were carried out using a Perkin Elmer DNA Thermal Cycler. The 
range of each PCR program step tested was: 
• 1 cycle of 2 minutes at 92-94°C 
• 35-40 cycles of 45 seconds-1 minute at 92-94°C, 45 seconds-1 minute at 50-58°C, 
2 minutes at 72°C 
• 1 cycle of 5-7 minutes at 72°C 
• Cool soak at 4°C 
These trials included using new stocks of sterile distilled water, MgCl 2 , dNTPs and 
lOx primer stock. Betaine was also included in these tests as it has been reported to 
improve the PCR amplification of GC-rich DNA sequences (Henke et al., 1997). It 
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is thought to reduce secondary structure formation caused by GC-rich regions. 
However, all of these efforts produced very faint product bands at best. Following 
this lack of success, the primer pair was sent back to the manufacturers for 
investigation. Genosys ran a denaturing gel of the primers. The results are illustrated 
in figure 10. They concluded that sample Hi ran fast due to a stable secondary 
structure and recommended heat denaturing of the primer prior to use. This was 
attempted with a new batch of primers. lOx primer stocks were made up in either lx 
TE or H20 and run in the PCR machine for 5 minutes at either 65°C or 94°C 
immediately prior to its addition to the PCR reaction mixture and initiation of the 
PCR reaction. Nevertheless, none of these conditions yielded positive results. 
Finally, Dr A. Gillies' primers, which originated from a different manufacturer, were 
used alongside the Genosys primers. PCR conditions were used that had successfully 
amplified the cpDNA fragment in other angiosperms using Dr A. Gillies' primers. 
This also proved unsuccessful. As a result of this inability to amplify the Demesure 
et al. (1995) fragment H, a larger sample size of M. schiedeana was not screened for 
the intraspecific variation detected. Furthermore, the H fragment was not screened 
for RFLPs in the M. grandflora and M. dealbata samples. 









Key 	 Land 1 2 3 
Lane 1: Gel standard (lOmer, +5mer...) 
Lane2: PrimerHi 
Lane 3: Primer H2 
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4.2.5. RFLP Analysis of cpDNA PCR Products 
The method of choice in this project for detecting DNA polymorphisms in the PCR 
products is the simple, quick RFLP analysis using 4-base pair recognition restriction 
enzymes. The sizes of the amplified cpDNA fragments (<2500bp) are suitable for 
restriction analysis using such 4-base pair recognition restriction enzymes. 
4.2.5.1. RFLP Analysis Protocol Development 
Prior to sample screening, initial testing of the digest conditions was carried out on 
the samples used in protocol development, as detailed in section 4.2.1. This was 
carried out as follows. 
Reagents: 
Each digest reaction mixture was made up of the following components: 
• 4 p1 of PCR product 
• 1p1 of BSA (lOx stock in H 20 gives 1pgIreaction) 
• 1p1 of restriction enzyme (1:10 in H20 gives 1 unit/reaction): Restriction enzymes 
used were Promega Alu I, Cfo I, Rsa I, Hsp 92 II, Hae ifi, Hpa II, Hinf I and nbl 
Gene Sciences Taq I. 
• lj.il of restriction enzyme buffer (lOx). Each restriction enzyme has an optimum 
buffer. The appropriate optimum buffer was selected for use with each restriction 
enzyme. 
• 3j.tl of sterile distilled H 20 
Method: 
1 Combine reaction mixture components in a 0.5m1 labelled eppendorf tube, adding 
the restriction enzyme last. 
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2 Close tube caps firmly. Pulse centrifuge. 
3 Incubate overnight at the optimum temperature of 37°C, or 65°C for Taq I. For 
Taq I digests, cover each tubes' contents with 1 drop of mineral oil. 
4. Store restriction digest product in the refrigerator at 4°C. 
Restriction digest products were visualised by UV fluorescence after electrophoresis 
on a 2% agarose gel stained with ethidium bromide, as for section 4.2.3.2. except that 
lOp! of the restriction digest product was loaded in place of 5.tl of the stock genomic 
DNA. Each fragment digested by a particular enzyme was accompanied by an 
experimental control, that is, a no-enzyme 'mock' digest. The marker ladders 
allowed estimation of fragment sizes and controlled within gel variation in 
electrophoretic mobility. 
4.2.5.1.1. DNA Precipitation Procedure 
Some of these initial testings of the digest conditions yielded partial digests. 
Unpurified PCR product was used in these experiments. Chemical conditions in the 
PCR reaction mixture may have been inhibiting the restriction digest reaction. 
Therefore, amplified DNA that had been precipitated from the PCR reaction mixture 
prior to digestion was used in restriction digests to try and rectify this problem. The 








• 1mMEDTA 	pH 8.0 (HCI) 
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Method: 
Add 800tl of chloroform:isoamylalc (24:1) to 100tl of PCR product in a labelled 
1 .5m1 eppendorf tube. 
Shake well by hand. 
Centrifuge at 13 000 rpm for 2 minutes to separate the oil from the DNA. 
Remove top layer (DNA solution) and transfer to a clean, labelled 1.5m1 
eppendorf tube. Discard the remaining solution. 
Add 10tl of 0.3M NaOH. 
Add lOO.tl of isopropanol. 
Shake well by hand. 
Freeze for 10 minutes at -20°C. 
Centrifuge for 5 minutes at 13 000 rpm. 
10.Discard supernatant and air dry the pellet for 5 minutes. 
1 1.Add lOOj.tl of 70% ethanol and hand shake until the pellet is resuspended. This 
washes the DNA. 
12.Centrifuge for 5 minutes at 13 000rpm. 
13.Discard supernatant and air dry the pellet for 15 minutes. 
14.Dissolve in 100.tI of TE buffer. 
15.Store product in the refrigerator at 4°C. 
Purified DNA products were visualised by UV fluorescence after electrophoresis on a 
2% agarose gel stained with ethidium bromide, as in section 4.2.3.2. except that the 
purified DNA product was loaded in place of the stock genomic DNA. However, 
this PCR purification step was found to make no difference to the restriction digests; 
some digests were partial, including some that had been complete when unpurified 
PCR product had been used. Therefore, this extra procedure was not included in the 
restriction digest method that was used to screen the samples. 
Section 4: Materials and Methods 	 75 
4.2.5.2. Optimised RFLP Analysis Protocols 
The method used to screen the samples was as detailed in section 4.2.5.1. with minor 
modifications: 
Reagents: 
20j.tl digests were carried out so that the volume of each of the components of the 
digest reaction mixture was: 
• 8jil of PCR product 
• 2j.tl of BSA (lOx stock in H 20 gives 1.tg/reaction) 
• 2p.l of restriction enzyme (1:10 in H20 gives 1 unit/reaction) 
• 2j.tl of restriction enzyme buffer (lOx) 
• 6.tl sterile distilled H 20 
Method: 
Dumolin-Lapegue et al. (1997), Demesure et al. (1996), El Mousadik & Petit (1996a) 
and Ferris et al. (1995) report on the efficiency of acrylamide gel electrophoresis in 
resolving intraspecific polymorphisms in RFLP analysis of cpDNA PCR products 
from forest tree species. Therefore, acrylamide gel electrophoresis was selected for 
use in the RFLP screening. 
4.2.5.2.1. Acrylamide Gel Electrophoresis 
Reagents: 
Each 6% acrylamide gel, 15 x 15cm and 1mm thick, contained 25m1 of the 
following: 
• 5m1 30% acrylamide: 0.8% bisacrylamide 
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• 2.5ml 5x TBE buffer (0.5x final conc.): 
• 0.45M Tns-borate 
• 0.01MEDTA 
• pH 8.5 (HC1) 
• 17.5mlH20 
• 10jtlTEMED 
• 350.tl AMPS 
TBE buffer (0.5x): 
o 0.045M Tris-borate 
0.001MEDTA 
• pH 8.5 (HCI) 
Loading buffer: 
. 0.2% Bromophenol blue 
• 0.2% Xylene cyanol 
• 25% Ficoll 400 
• in H20 
GibcoBRL, Life Technologies 1Kb DNA ladder 
10mg/mI stock ethidium bromide 
Restriction digest product 
Method: 
Mix 10.tl of each restriction digest product with 1.tl of loading buffer. 
Load this 1 1tl mixture per well of a prepared 6% acrylamide gel submerged in 
0.5x TBE buffer in a Hoefer electrophoresis unit (28 wells/gel). 
Load lOj.tl of lkbp marker to the terminal gel wells. 
Run the gel at 400 volts for approximately 90 minutes on a Biorad powerpac 
3000. Cool the apparatus using cold water circulated through the cooling system. 
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Remove the gel from plates using Saranwrap and stain it with 1.tg/ml ethidium 
bromide in 0.5x TBE buffer, gently agitating it for 30 minutes on a horizontal 
shaker. 
View the gel under UV light with a UVP transilluminator and photograph the gel 
using either a UVP camera attached to a Mitsubishi video copy processor that uses 
thermal paper or a Polaroid MP4 land camera that uses Polaroid negative 665 
film. 
4.2.6. Data Analysis of RFLP Analysis of cpDNA PCR Products: 
Interpretation of Gels, Polymorphism Identification and 
DNA Sequence Phylogeny Estimation 
Restriction digest fragments were sorted according to size by acrylamide gel 
electrophoresis. For each gel, the number of digest fragments produced by each 
enzyme for each amplified fragment was scored. The number of restriction Sites was 
derived from this data. In addition, the size of the digested fragments were estimated 
by extrapolating from a gel-specific graph. These graphs had marker band size 
plotted against marker band distance from the gel origin. Each gel was scored 
independently by the author and laboratory supervisor. 
From this data, RFLPs were identified. Polymorphisms were defined as a RFLP that 
was detected in a particular amplified fragment digested with a particular enzyme. 
Where it could be unequivocally shown that RFLPs from different digests of the 
same fragment were the product of the same underlying polymorphism, the RFLPs 
were classed as one polymorphism. However, if there was any ambiguity about the 
underlying nature of the variation, the RFLPs were classed as distinct polymorphisms 
(a full discussion on the nature of the polymorphisms detected is given in section 
6.2.1.) 
For each polymorphism, the haplotype was identified for each species, and each 
population in the case of M. sharpii and M. schiedeana. As the M. grandiflora and 
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M. dealbata samples fragment H could not be amplified, they were not screened for 
the polymorphisms detected in this fragment in the other two species. Therefore, the 
data set for fragment H polymorphisms was incomplete. This data was excluded 
from the phylogenetic analysis. The remaining data was input according to the 
format for use in Phylip. The Wagner parsimony method was used to estimate 
phylogenies by producing the most parsimonious phylogenetic tree(s) for the four 
study species from this RFLP data set. This method assumes that changes between 
the two possible states are independent and unweighted. 
4.2.7. DNA Sequencing of cpDNA Fragment cd in Four Species 
The Taberlet et al. (1991) fragments used in this study are of sequencable length 
(<600 base pairs) if both forward and reverse primers are used in a sequencing 
reaction. However, the Demesure et al. (1995) fragments are too long to be 
sequenced (>lSOObp). Therefore, sequencing of the cpDNA fragment generated by 
the c & d Taberlet et al. (1991) primers was attempted in one sample of each of the 
four species studied: Magnolia sharpii sample number 3.2, Magnolia schiedeana 
sample number 6.2, Magnolia grandiflora and Magnolia dealbata, whose origins 
were discussed in section 4.2.2. This was to directly assess the variation present in 
this amplified cpDNA fragment. The purpose of this was two-fold. Firstly, the 
results could be used to assess the efficiency of the RFLP analysis in detecting 
polymorphisms in this fragment; was it able to detect the majority of base sequence 
variation? Secondly, comparative analysis of the different species' sequences could 
give insight into the phylogeny of this cpDNA fragment within these species. 
4.2.7.1. DNA Template Preparation 
Method: 
PCR amplification using primers c & d as described in section 4.2.4.2 produced the 
template DNA for sequencing. Each species' sample was amplified twice so that two 
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different PCR samples were sequenced for each species. This was to prevent the 
scoring of PCR errors as polymorphic bases. In order to remove primers, PCR 
product purification was necessary prior to sequencing. Therefore, the template 
DNA was purified according to the following method: 
Run two 50p.J PCR reaction products for each sample on a 2% agarose gel as for 
section 4.2.3.2. except that up to 20il of the amplification product was loaded per 
well instead of 5.tl of the stock genomic DNA. 
Cut the PCR product band from the gel using a sterile scalpel knife and pool each 
samples PCR products into a labelled 0.5ml eppendorf tube. 
Follow the 'gel extraction using a microcentrifuge' protocol of the Quiagen 
QlAquick gel extraction kit (50). Use sterile distilled H 20 to elute DNA from the 
columns. 
Visualise purified PCR product by UV fluorescence after electrophoresis on a 2% 
agarose gel stained with ethidium bromide, as for section 4.2.3.2. except that the 
purified PCR product was loaded instead of the stock genomic DNA. 
Store the remainder of the purified product in a -20°C freezer. 
4.2.7.2. DNA Sequencing 
A forward and reverse sequencing reaction was carried out for each amplified 
sample. Sequencing was performed at the Molecular Biology Support Unit, 
University of Glasgow. 
4.2.7.2.1. Cycle Sequencing Reaction 
The sequencing followed the dideoxy chain termination method. A PE Applied 
Biosystems DNA sequencing kit (an ABI PRISM Dye Terminator Cycle Sequencing 
Ready Reaction kit which uses the enzyme AmpliTaq DNA polymerase FS) was used 
in fluorescence-based cycle sequencing reactions on the amplified fragments. Such a 
linear reaction produced single-stranded DNA according to the following procedure: 
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Reagents: 
Each cycle sequencing reaction mixture was 20.tl of the following constituents made 
up in a 0.6m1 tube: 
• 8.tl of Terminator ready reaction mix 
• 3-6tl of PCR product template (10-30ngIpi) 
• 3.2pmol of at least 50ng/tl primer (primer c in forward reaction 
and primer d in reverse reaction) 
• Sterile distilled H 20 as required 
Method: 
Cycle Sequencing was carried out on a Perkin Elmer Thermal Cycler 480: 
Rapid thermal ramp to 96°C 
96°C for 30 seconds 
Rapid thermal ramp to 50°C 
50°C for 15 seconds 
Rapid thermal ramp to 60°C 
60°C for 4 minutes 
Repeat steps 1-6 for 25 cycles 
Rapid thermal ramp to 4°C and hold 
Move on to ethanol precipitation procedure which purifies and concentrates the 
extension products. 
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4.2.7.2.2. Ethanol Precipitation and Sequencing 
The ethanol precipitation protocol was as follows: 
Reagents: 




For each reaction, prepare a 0.5m1 tube by adding the following: 
• 2j.tl of 3M NaOH, pH4.6 
• SOp] of 95% ethanol 
Transfer the entire 20jtl contents of the cycle sequencing reaction tubes to the 
0.5m1 tubes containing the ethanol solution. 
Vortex and place on dry ice for 10 minutes. 
Microcentrifuge for 15-30 minutes. 
Aspirate all the ethanol solution from the tube. 
Rinse pellet by adding 250 j.tl of 70% ethanol. 
Spin for 5 minutes and immediately aspirate all of this solution. 
Repeat steps 5 and 6. 
Use a Kim Wipe to remove excess liquid from the tube. 
10.Air dry the pellet. 
11 .Store tubes in a -20°C freezer. 
The concentrated DNA product was then loaded onto a sequencing gel and 
sequenced on either an ABI 373 Stretch or an ABI 377 sequencer. 
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4.2.8. Data Analysis of DNA Sequencing of cpDNA Fragment cd 
in Four Species 
4.2.8.1. Interpretation of Sequencing Chromatograms 
For each sequence, the automated DNA sequencer generated a four-colour 
chromatogram of the sequencing gel's results and the machines interpretation of that 
data in a sequence data text file. An inherent feature of all sequencing is that the 
resolution of the sequencing gel degrades at either end of the gel. This loss of 
resolution results in a higher error rate in these terminal regions. However, the well 
resolved, intermediate section has a much lower error rate and the sequencers used 
here are capable of producing over 350 bases of readable sequence. As the sequencer 
has no way of verifying the validity of the text data it generates, it is necessary to 
thoroughly check the chromatogram sequence data for mis-called nucleotides and 
isolate the readable sequence prior to any further data analysis. This was done by 
scanning the chromatogram for extremely small peaks, mis-spaced or double peaks 
and homopolymeric runs of A or T nucleotides, and by truncating the sequence when 
errors become too frequent. 
4.2.8.2. Polymorphism Identification 
Having selected the portion of the sequence showing the lowest error rate, a clustal 
multiple alignment procedure in Gene Jockey II was carried out. This procedure 
produced a consensus sequence, as well as enabling a sequence comparison across all 
of the samples. Differences between the aligned sequences were identified. A 
polymorphisms was scored as a base position that was defined in all species that 
varied in at least one species. Any base difference that occurred in only one sample 
out of two for any species was not classed as a polymorphism. However, only one 
forward and reverse sequence was obtained for M. schiedeana. In this case, base 
differences to other species' sequences were based only on one sample. 
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In addition, if a known base was previously defined in a particular sample's sequence 
where the consensus sequence read N, it was replaced as unknown. This was 
conservative practise as such bases were not reliable in identifying polymorphisms 
across all of the species; N in the consensus was always represented in at least some 
of the sequences by an undefined base or a base that varied within a species. In no 
instance was there an unambiguous polymorphism across all of the species at any of 
these sites. Rarely, where N was assigned in the consensus, there was consistent data 
for two species that differed. Such a potential polymorphism could have been 
included for these species only, producing a slightly larger data set on which to base 
the phylogenetic analysis. However, their inclusion would have significantly 
increased the risk of sequence error inclusion in the analysis. This associated risk 
was considered to outweigh the advantage of the marginal increase in the data set, in 
this instance. The data interpretation was viewed as being of more relevance and 
value when based on a conservative, more accurate data set rather than a larger one. 
Therefore, the identification of polymorphisms was conservative in that a potential 
polymorphism was excluded if there was any doubt in assigning a haplotype across 
all species. 
4.2.8.3. DNA Sequence Phylogeny Estimation 
After identifying polymorphisms within the readable sequence, each species' 
haplotype was identified for every polymorphism. This data was input according to 
the format for use in DNAPARS in a Phylip package. This program was used to 
estimate phylogenies by producing the most parsimonious phylogenetic tree(s) from 
the nucleic acid sequence data of this cpDNA fragment in these four species. 
DNAPARS uses a parsimony method that allows state changes between all bases and 
counts the number of those changes. It assumes that all such state changes are 
independent and unweighted. 
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4.3. Laboratory Work: Isozyme Analysis 
4.3.1. Standard Isozyme Analysis Procedures 
4.3.1.1. Isozyme Extraction 
Reagents: 
Phosphate extraction buffer: 
Stock solution: 
0. LM potassium phosphate 
• pH 7.5 (IM NaOH) 
The following constituents were added to the stock solution: 
• 0.29M sodium tetraborate 
• 0.017M sodium metabisulphite 
• 0.202M L-ascorbic acid (sodium salt version) 
• 0.016M Diethyldithiocarbamic acid 
• 0.008M Polyvinylpyrrolidone 
• 10% Dimethylsulphoxide 
2-Mercaptoethanol 
Polyvinylpyrrolidone 
Leaf or bud tissue 
Wicks made from No. 1 Whatman filter paper and cut to approximately 2mm x 7mm 
Method: 
Thaw a imi aliquot of phosphate extraction buffer on ice. 
Add Sj.tl of 2-mercaptoethanol to the extraction buffer to inhibit the oxidation of 
biological compounds in solution. Store the buffer on ice. 
Section 4: Materials and Methods 	 85 
Add a 2cm 2 piece of leaf material or a 1cm long piece of bud material to a 
precooled, small glass mortar. Using scissors, cut the sample into small pieces to 
ease the grinding. Keep the mortar on ice to prevent protein denaturing. 
Add approximately 30mg of polyvinylpyrrolidone and a few drops of extraction 
buffer. 
Manually grind the sample using a glass pestle. This ruptures the cells and 
introduces the enzymes into the extraction buffer. 
Add 8 wicks to the homogenate. 
Having absorbed proteins from the homogenate, place the wicks in pairs into 
labelled 200p.l eppendorf tubes. 
Store on ice and use immediately or freeze at -80 °C. 
4.3.1.2. Standard Horizontal Starch Gel Electrophoresis 





Electrode buffer or H 20 
Silicone grease 
Method: 
Weigh out the appropriate amount of hydrolysed starch, and sucrose if required, 
into a thick-walled 500m1 Erlenmeyer flask that has a side-arm. 
Dilute the appropriate gel buffer as required. 
Add 250m1s of this dilution to the Erlenmeyer flask and mix well until the 
solution is homogenised. 
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Heat the flask over a Bunsen burner, keeping the flask moving. Do not let it boil. 
Continue heating until the starch becomes semi-transparent and viscous. 
Degas the liquid using a vacuum pump until only large bubbles remain. 
Pour the liquid into a pre-prepared set-mould. This consists of a perspex base 
sheet (19cm x 22cm) and a four-sided frame. The latter is firmly fixed to the base 
using silicone grease and bulldog clips. The mould is placed on a raised, flat box 
to aid gel cooling. 
Carefully place a second perspex sheet over the gel, avoiding creating bubbles. 
When cooled, cover the gel with Saranwrap to prevent dehydration and leave 
overnight. 






• 0.2% Bromophenol blue 
• 0.2% Xylene cyanol 
• 25%FicoIl400 
• in H20 
Method: 
Trim the gel of excess and set the origin for the sample wicks by cutting along the 
gel approximately 2.5cm from the intended cathodal end. 
If frozen sample wicks are being used, defrost them on ice immediately prior to 
their loading. 
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Load sample wicks against the anodal side of the cut in the gel, ensuring that each 
wick extends to the gel base. Space the wicks at least 2mm apart and note the 
order of sample loading. 
Dip two dry wicks in tracker dye and load at either end of the gel. 
Hold the cathodal strip of gel firmly in place by inserting a glass rod along the 
inside of the gel frame at the cathodal end. This ensures a clean traverse of the 
electric current into the gel slab. 
In the correct orientation, place the gel onto a perspex electrophoresis tank. 
Fill the buffer compartments of this tank with the appropriate electrode buffer and 
saturate a bridge wick (J-cloth) in each. 
With one end remaining in the electrode buffer, extend the other end of each 
bridge wick onto the gel surface for about 2cm. 
Cover the gel in Saranwrap and carefully place an ice box on top of it, ensuring 
that the top of the wicks do not touch the gel. 
10.Run the gel at 60mA in a refrigerator at 4 °C. Remove the sample wicks after 30 
minutes. Run the gel for a further 3.5-4.5 hours until the buffer front (marked by 
the tracker dye) has migrated about 8cm. 
4.3.1.2.3. Gel Staining and Storage 
Reagents: 
Distilled H20 
Appropriate staining solutions 
Gel fixative: 
• 400m1 Methanol 
• lOOmI Glacial acetic acid 
• 1000ml Distilled H 20 
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Method: 
After electrophoresis, horizontally slice the gel into two slices. This enables 
simultaneous staining of two different enzyme systems on the same gel. Place 
each gel slice in an appropriately sized, plastic container. 
Prepare and pour the appropriate staining solution over each gel slice. 
Incubate at 37 °C. 
After the zones of enzyme activity have developed, discard the staining solution 
and rinse the gel slice in distilled water. 
Score the gel slice as described in section 4.3.3.1. 
Preserve the gel slice by sealing it within a plastic pocket containing gel fixative. 
Store the gel in a refrigerator at 4 °C. 
4.3.2. Optimisation of Isozyme Analysis Procedures 
4.3.2.1. Choice of Tissue 
In general, mature vegetative tissue from plants is rich in complex biological 
compounds, such as phenols and flavonoids, that inhibit enzyme activity. On the 
other hand, buds are usually not as rich in phenols and denaturing secondary 
metabolites. However, in a study of isozyme variation in Liriodendron 
(Magnoliaceae), Parks et al. (1990) found that the highest activity levels for most 
isozymes were obtained from mature leaves. Using both leaf and bud tissue, various 
isozyme systems were tested prior to sample collection. The materials used were 
freshly frozen leaf and bud samples of M. sharpii that had been collected a year 
previously, as described in section 4.2.1, and fresh leaf and bud material from the 
Magnolia grandiflora sample, as detailed in section 4.2.2. The same conclusion was 
reached as Parks et al. (1990); mature leaves consistently resolved the enzyme 
systems better than buds. As a result, leaf samples were used throughout the 
remainder of the isozyme study. In addition, the success of the enzyme system 
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staining in these samples supported the feasibility of an isozyme study of the species 
to be collected from the field. 
4.3.2.2. Storage Optimisation 
Prior to the sample collecting, optimisation of storage conditions for isozyme 
analysis was carried out. Maintenance of enzyme activity during long-term storage 
of leaf material can be problematic. In addition, freezing of the sample wicks can 
adversely affect enzymatic activity. Therefore, investigation into feasible storage 
conditions prior to and after isozyme extraction was required. Figure 11 summarises 
the results of these investigations using the fresh sample of Magnolia grandiflora, as 
detailed in section 4.2.2. After isozyme extraction, sample wicks were frozen 
overnight at -80°C before being used. The tests were performed using a Lithium 
Borate pH 8.3 gel system and two commonly used stains, details of which are given 
in section 4.3.2.3. 
Figure 11: Optimisation of sample storage conditions 
Storage Conditions I Age of sample Success of stain 
AAT 	PGI 
fresh cupboard plastic bag 3 weeks f f 
stayfresh bag 3 weeks 
stayfresh bag 
+ wet tissue 
3 weeks f f 
fridge plastic bag 3 weeks  
stayfresh bag 3 weeks  
stayfresh bag 
+ wet tissue 
3 weeks f 
Key 	I = resolved stain 	 s = enzyme-specific stain smeary - not well resolved 
f = enzyme specific stain faint 	x = no enzyme-specific stain 
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The fresh material stored in a refrigerator at 4 °C for three weeks gave the best 
resolution of the enzyme systems. However, figure 11 shows that the fresh material 
stored in a cupboard in a stayfresh bag for three weeks also resolved the enzyme 
systems. This indicated that fresh material stored in stayfresh bags in cool, dark 
conditions during the field work and subsequently stored in a refrigerator at 4°C upon 
return would maintain enzyme activity for the duration of at least three weeks before 
isozyme extraction. This procedure was adhered to and the isozymes were extracted 
immediately upon return from field work. As a result of this study showing that 
enzyme activity was maintained after freezing, the sample wicks were stored at - 
800C. 
4.3.2.3. Selection of Isozyme Systems 
Several gel systems were investigated for their ability to resolve a variety of enzyme 
systems. These are listed in figure 12. Gel systems B, Soltis and H are commonly 
used gel systems that have a high success rate of resolving enzyme systems. The 
lithium borate, CN-3-M and Tris citrate gel systems are those that were used by Parks 
et al. (1990) to investigate isozyme variation in Liriodendron (Magnoliaceae). These 
gel systems were also used by Qui and Parks (1994) to study isozyme variation in 
three Magnolia species from the southeastern USA. Figure 13 lists the enzyme 
systems that were investigated. Out of the nine enzyme systems studied, seven were 
used in Parks et al.'s (1990) isozyme study and 5 were used by Qui and Park's 
(1994). Preparation of the staining solution simply involved mixing together all of 
the constituents immediately prior to their application, except for LAP, whose 
deviation from this is indicated in the key of figure 13. Of these gel compositions 
and enzymes systems, SDH and 6PGD on the CN-3-M gel system, and PGI and GOT 
on the lithium borate gel system consistently gave well resolved results. Therefore, 
these isozyme systems were used to screen the sample population (approximately 30 
individuals from each population). Some of the gel runs were repeated as a check on 
the technique's ability to produce consistent, reproducible results. 
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In addition, a standard laboratory procedure used 27.5g of hydrolysed starch in the 
gel preparation described in section 4.3.1.2.1. This was known to have a high 
success rate of resolving enzyme systems. However, in addition to using hydrolysed 
starch, Parks et al. (1990) and Qui & Parks (1994) used sucrose in their gel making. 
In addition, it has been found that, for some isozymes, sucrose is a necessary gel 
constituent for optimal resolution (Wendel & Weeden, 1989). Therefore, the effect 
of this aspect of gel composition on the resolution of the isozyme systems was 
investigated. Using the ratio of starch: sucrose: gel volume used by Parks et al. 
(1990), it was found that gels containing sucrose, as well as starch, resolved the 
isozyme systems better than those that contained starch only. Therefore, the sample 
population was screened using lithium borate gels with 34.98g:1.74g:270m1 of 
starch: sucrose: gel volume, and CN-3-M gels with 34.99:8.10g:270ml of 
starch: sucrose: gel volume. 
Figure 12: Gel systems investigated 
Gel system Gel buffer stock 	Gel buffer (GB) Electrode buffer (EB) 
name 
B 	 0.iMTris 
p118.5 (0.2M Citric acid) 
Soltis pH 7,0 	0.027M L-Histidine 
pH 7.0(JM NaOH) 
H 0.05MHistidine-HCI 
1.4mM EDTA 
pH 7.0 (Tris) 
Lithium 	borate 0.051M Tris 






1:0 	 0.05M Sodium hydroxide 
GB0 	 0.3M Boric acid 
pH 8.0 (41NI NaOH) 
I part:-'- parts 	0.560M Citric acid 
(IB:Disti!!ed H 2O 	pH 7,0 (IOM NaOH) 
4 parts:! part 	0. 125M Tris 
GB:EB 	 pH 7.0(IM Citric acid) 
9 parts:! part 	0.192M Boric acid 
GB:EB 	 0.038M LiOH 
pH 8.3 
I part: 19parts 	0.04M Citric acid (anhydrous) 
EB:Deionised HO 	pH 6.1 (n-[3-aminopropyll- 
morpholine) 
1 part:14parts 	0.135M Iris 
EB:Deionised H 20 	0.043M Citric acid 
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Figure 13: Enzyme systems investigated 
Enzyme system Abbreviation Stain recipes 
Asparate AAT SGml 0.2M Tris-HCI (ph8.0) 
arninotransferase 300mg Aspartic acid: 150mg 	Ketoglutaric acid 
7.5mg Pyridoxal-5-phosphate: 225mg 	Fast blue BB salt 
Phosphogluco PGI 25ml 0.2M Tris-HC1 (pH8.0) 
isomerase 12.5 mg Fructose-6-phosphate disodium salt 
lfd Glucose-6-phosphate dehydrogenase (5 units/IJi) 
0.5m1 1% MgCl2 : 0.Sml 	NADP (10mg/mi) 
0,5ml MTT (10mg/nil): 0.Sml 	PMS (5mg/mi) 
Shikimate SDFI 50ml 0.2M Tris-HCI (ph8.0): 25mg 	(-) Shikimic acid 
dehydrogenase imI 19C  Mg02 :0.5m1 	NADP (10m(, /mi) 
Imi NBT (10mg/mi): 0.5m1 	PMS (5mg/mi) 
6- 6PGD Sm! 0.2M Tris-HC1 (pH8.0) 
Phosphogluconate 10mg 6-Phosphogluconic acid trisodium salt 
dehydrogenase Iml 1% MgCl 2 :Iml 	NADP (10mg/mi) 
lml MTT (10mg/mi): 0.5m1 	PMS (5mg/mi) 
Fluorescent FEST hOrn! 0.2M Sodium acetate (pH5.0) 
esterase 1mg 4-Methylumbelliferyl acetate in 3mi of acetone 
Leucine-amino LAP 50m1 0.5M Boric acid * 
peptidase 25m1 0.2M Tris-HCI (p1-18.0) + 25m1 0.2M Maleic 
anhydrate — > pH3.3 (1M NaOH 
05ml 10% MgCl 2 ** :  35mg 	Fast black K salt** 
25mg L-Leucinc 3 naphy iamide 11CI** 
Phosphogluco PGM 25m1 0.2M Tris-HCI (pH8.0) 
mutase 150mg Glucose- 1-phc>sphate sodium salt 
5p1 Glucose-6-phosphate dehydrogenase (5 units/pA) 
0.5 ml 1% MgCl 2 :0.5m1 	NADP (10mg/mi) 
0.Sml MTT (10mg/mi): 0.Sml 	PMS (5mg/mi) 
Malate MDH 115nil 0.2M Tris-HC1 (p118.0) 
dehydrogenase 12.5m1 0.5M DL-Mahc acid (pH7.0): 0.5m1 NAD(lOmg/mi) 
0.5ml NBT (10mg/mi): 0.5ml 	PMS (5mg/mi) 
Alcohol AD  25m1 0.2M Tris-HCI (pH8.0) 
dehydrogenase 5m1 100% Ethanol: 0.5ml 	NAD (10mg/mi) 
0.5ml NBT (10mg/mi): 0.5m1 	PMS 5mg/mi) 
Key for LAP Soak gel in * for 15 minutes then discard 	hehre adding m!\ture 	f contituents. 
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4.3.3. Isozyme Data Analysis 
4.3.3.1. Gel Scoring 
For each gel, the enzyme phenotype was observed and noted for each sample, 
including the presence of any heterodimer bands. These results were then translated 
into individuals' genotypes. The following classification system, used to characterise 
allozyme variants, enabled consistent scoring. 
Convention dictates that isozyme loci for multiple locus systems are numbered 
sequentially from the anode. This number follows the system's name, for example 
POT-1, P01-2, PGI-3, and so on. However, each system used in this study resolved 
only one locus. In some instances, secondary staining was observed but this was 
never well resolved and could always be readily distinguished from the primary 
staining due to their different nature, distance apart and the presence of a heterodimer 
band in dimenc enzymes' heterozygotes. Therefore, each system was treated as a 
single locus system and the loci numbered one for each system. In like manner, 
allele coding within each locus was done in order of decreasing electrophoretic 
mobility. As only two allozymes were detected at each locus, the faster migrating 
allele was labelled A and the slower one B. 
Each gel was scored independently by the author and laboratory supervisor. Scoring 
was carried out as soon as the locus was resolved by the staining procedure. 
Furthermore, after completion of all the gel running, the preserved gels for each 
system were scored consecutively. This repeat scoring ensured that the scoring 
procedure was consistent across all of the gels for each system. 
4.3.3.2. POPGENE 16 and R-analysis 
The genotype of each individual at each locus was derived from the scoring results 
and collated into a database. This was formatted in Microsoft Excel & Word for use 
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in the statistical package POPGENE 16 (Yeh et al., 1997). POPGENE 16 is a 
Microsoft Window-based computer package that is used to analyse genetic variation 
among and within natural populations. It is capable of analysing many different 
forms of data including codominant markers using diploid data. This makes it 
suitable for analysing this study's isozyme data. It can compute a wide range of 
genetic statistics at the level of single populations, grouped populations or multiple 
populations. The following statistics were computed at the specified level: 
Single populations. The following were calculated at each locus for each population: 
• Chi-square test for Hardy Weinberg equilibrium (HWE) estimated probability 
values for deviation from HWE. 
• Wright's (1978) fixation index (Fis) as a measure of heterozygote deficiency or 
excess. 
Observed heterozygosity and genetic diversity. 
• Allele frequencies. 
• A single population linkage disequilibria chi-square test was performed on each 
pair of loci in each population to estimate probability values for deviation from 
linkage equilibrium. 
Grouped populations. M. sharpii populations were pooled into one group and M. 
schiedeana populations were pooled into another. The following were calculated at 
each locus for each of these groups: 
• Allele frequencies. 
• Genetic diversity. 
• F-statistics. 
Multiple populations: 
• Semi-matrix of Nei's (1978) unbiased measure of genetic distance between all 
population pairs across all loci. 
• The following were computed from this semi-matrix: 
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• Dendrogram based on Nei's (1978) genetic distance using the UPGMA 
method modified from the NEIGHBOR procedure of PHYLIP Version 
3.5. 
• Graphs derived from principle coordinate analysis (PCO) (Gower, 1996). 
This was achieved in R-analysis (Legendre & Vaudor, 1991). PCO treats 
every pairwise relationship in the matrix as a dimension. The ordination 
technique represents the variation that PCO finds in a reduced spatial 
context. 
4.4 Health and Safety Considerations 
A qualitative risk assessment was carried out, from which a safe system of work was 
identified and adhered to throughout the project. The results of the assessment are 
summarised in figure 14. General advice on Health and Safety was sought through 
consultation with the University of Edinburgh Health and Safety Services web page 
http://www.admin.ed.ac.uk/safety.  
Figure 14: Summary of risk assessment 
Risk mitigation 
Suitable insurance policy to cover any 
eventualities. Thorough preparation, 
correct and sufficient equipment. experience 
and work procedures for the field env. 
All methods to be carried out in accordance 
with the Uni. of Ed. Lab. Safety Procedures. 
These are governed by the Health and Safety 
at Work Act, 1974, which includes COSFfH 
Regulations. Adequate supervision. Suitable 
accident response system. 













eye, wrist and back strain 
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5. Results 
5.1. Sample Site Details and Compilation of Herbarium Record Data 
Figure 6 summarises some specific site location details that were recorded during the 
fieldwork. In addition, further sample site details were collected. Reference to maps 
by the Instituto Nacional de Estadistica, Geografia e Informatica (INEGI) yielded 
data on the vegetation type, geology, dominant soil type and climatology of the 
sample sites. All of this information is combined with locality details in Appendix 2. 
In addition, details of the following were recorded for each sample site during the 
fieldwork: associated genera, relative abundance of Magnolia, estimated Magnolia 
population size and evidence of direct human impact. This is shown in Appendix 3. 
The herbarium data collected from the sources listed in section 4.1.4. were compiled 
into reference databases for M. sharpii and M. schiedeana. These are presented in 
Appendices 4 and 5, which are enclosed in the folder attached to the back of this 
volume. Further to the information given here, the heights of the trees collected in 
the herbarium records reached up to 20m for M. sharpii and 30m for M. schiedeana. 
Additional information to that given in sections 3.3. and 3.5 regarding the traditional 
names and uses of these species was obtained from the fieldwork, the herbarium 
records and other reference sources. This is presented in Figure 15. 
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Centre of fruit used medicinally 
to treat nerves (97145). 
Medicinal use (107470). 
Wrapping tamales (foodstuff); 
Construct rifles in the revolution 
(pers. comm. M. Martinez-lcó). 
collection no.) 
Higuera (2248). Sochil (97145). 
Earél (1903). Xolosuxhil-
Aguacote (107470). Magnolia 
cimarrona [Jalisco] (3133). 
Corpus [Nayarit]; Elo-xó chit] 
[Azteca]; Palo de cacique 
[Oaxaca]; Quie-lachi; Yaga-




Magnolia; Tajchac [Tzeltal, 
Chiapas]; Tojcho [Tzeltal, 
Chiapas] (MartInez-Fondode, 
1987). 
Taxc h!ak [Tzeltal]; Tosho 
[Tzotzil] (pers. comm. M. 
Martinez-Icó). 
5.2. DNA Extractions and Amplifications 
As illustrated in plate 8, DNA was successfully extracted according to the protocol 
described in section 4.2.3.1. Using the dilutions set out in Appendix 6, the genomic 
DNA was then diluted to approximately 25ngItl. After dilution, six cpDNA 
fragments of the genomic DNA were successfully amplified by PCR, using the 
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protocols described in section 4.2.4.2. The successful amplification of one such 
fragment is illustrated in plate 9. 
Plate 8: M. sharpii and M. schkdeana DNA extractions 
Key 
= Genomic DNA band 
M 	= Marker lane 
Plate 9: PCR product using e & f primer pair 
Key 
= ef fragment PCR product 
M 	= Marker lane 
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5.3. RFLP Analysis of cpDNA PCR Products 
The results of the restriction digest gel scoring for M. schiedeana and M. sharpii are 
presented in Appendix 7. This gives the number of restriction sites found and the 
size of the fragments produced for each restriction enzyme used on each amplified 
fragment. Restriction digests of M. grandiflora and M. dealbata fragments cd, ef, A, 
B and E were mostly in agreement with these results. These two species' cd 
fragment showed the same restriction digest patterns as those seen in M. sharpii. 
Their results varied from those of M. sharpii and M. schiedeana in the following 
digests: 
• Fragment A, Hinf I: M. dealbata had the 240bp digest fragment missing. 
• Fragment A, Hsp92 H: M. grandiflora and M. dealbata showed a different 
restriction pattern (an undefined number of restriction sites [fragment lengths of 
850bp, 650bp, as well as undefined smaller fragments]). 
• Fragment B, Hinf I: M. grandflora had the 410bp fragment replaced with a 375bp 
fragment. 
• Fragment B, Hinf I: M. dealbata showed a different restriction pattern (included 9 
restriction sites [fragment lengths of 470, 450, 330, 220, 190, 180, 170, 142, 140 
and 120bp]). 
RFLPs were identified from all of this data and polymorphisms were assigned 
according to the criteria set out in section 4.2.6. These results are described in figure 
16. For each polymorphism, the haplotype was identified for each species, and each 
population in the case of M. sharpii and M. schiedeana. These results are shown in 
figure 17. This shows that 5 interspecific polymorphisms and 5 intraspecific 
polymorphisms were detected. The rare haplotype(s) of the interspecific markers 
was(were) unique to a specific species, with the exception of polymorphism 9, where 
each haplotype was present in two species. All of the intraspecific markers 
(polymorphisms 2 to 6) were found within M. schiedeana, and each population's 
haplotype was identical across all of these intraspecific markers. The pie charts in 
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figure 18 show the geographic distribution of these intraspecific polymorphisms' 
haplotypes, as well as illustrating fixation of the haplotypes within the population 
samples; no intrapopulation variation was detected. Plates 10-17 illustrate a variety 
of the polymorphisms detected, as viewed by UV fluorescence after electrophoresis 
on a 6% acrylamide gel stained with ethidium bromide. 
The data on polymorphisms 1, 8, 9 & 10 was used to produce the most parsimonious 
phylogenetic tree for the four species. This tree is shown in figure 19. 
Polymorphisms 2-7 were excluded from this analysis as the M. grandiflora and M. 
dealbata samples fragment H could not be screened for these polymorphisms. 
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Figure 16: Polymorphisms identified from RFLPs from cpDNA restriction data 
Polymorphism RFLP 
Fragment 	Enzyme 	Description 
I cd undigested -JObp insertion in M. schiedeana cf. to 
or digested the other three species 
2 H A/u I - 30bp deletion in pops. 5 & 7 cf. to 
pops. 1-4&6 
3 H Hae ifi - 30bp deletion in pops. 5 & 7 cf. to 
pops. 1-4&6 
4 H Hinf I - 30bp deletion in pops. 5 & 7 cf. to 
pops. 1-4 & 6 
5 H Taq I 30bp deletion in pops. 5 & 7 cf. to 
pops. I-4&6 
6 H Rsa I - 30bp insertion in pops. 5 & 7 cf. to 
pops. 1-4&6 
7 H Hpa 11 additional 	restriction 	site 	in 	M. 
schiedeana cf. to M. sharpii 
8 A Hiif I missing fragment in M. dealbata cf. to 
the other three species 
9 A Hsp92 II different number and size of fragments in 
M. grandiflora & M. dealbata cf. to M. 
schiedeana & M. s/zarpii 
10 B Hinf I - 35bp insertion in M. grandiflora cf. to 
M. schiedeana & M. sharpii; different 
number and size of fragments in M. 
dealbata cf. to the other three species 
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Figure 17: Species' and populations' haplotypes for each polymorphism 
detected in the cpDNA restriction analysis 
Species! 
population 
Haplotype for each polymorphism (as referred to in fig.?) 
1 	1 2 	3 	4 	5 	1 6 	7 	1 8 	9 	1 10 
M. granthfiora 0 ND ND ND ND ND ND 0 1 1 
M. dealbata 0 ND ND ND ND ND ND 1 1 2 
M. sharpii 
1 0 0 0 0 0 0 0000 
2 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0000 
4 0 0 0 0 0 0 0000 
M. schiedeana 
5 1 1 1 1 1 1 1000 
6 1 0 0 0 0 0 1 0 0 0 
7 1 1 1 1 1 1 1000 
Key 
ND 	=Nodata 
0, 1 & 2 = Classification of polymorphic state 
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Figure 18: Sampled populations' geographic distribution and pie charts of their 
haplotype frequencies for RFLP polymorphisms 2-6 
Scale (kin): 
0 	 30 	 60 
Key: 
1,2,3, 4 = M. sharpii populations 
5,6,7 = M. schiedeana populations 
o = population haplotype 
frequency pie chart for 
RFLP polymorphisms 2-6 
Li =haplotypeo 
U — haplotypel 
- = major road 
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Plate 10: Polymorphic cd fragment (undigested) 
	





-+ 	= Undigested polymorphic cd fragment 
M 	= Marker lane 
C 	= Control 
1,2 & 3= M. sharpii populations 
5 & 6 = M. schiedeana populations 
Key 
1 	 = Polymorphic digested cd fragment in M. sharpii 
2 	 = Polymorphic digested cd fragment in M. schiedeana 
M 	 = Marker lane 
C 	 = Control 
1, 2,3 & 4 	= M. sharpii populations 
5 	 = M. schiedeana populations 
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Plate 12: Polymorphic H fragment in a Hae III digest 
	
Plate 13: Polymorphic H fragment in a Rsa I digest 




—.1 	= Polymorphic digested H fragment in populations 5 & 7 
—*2 	= Polymorphic digested H fragment in populations 2, 3, 4 & 6 
M 	= Marker lane 
C 	= Control 
2,3 & 4 = M. sharpii populations 
5, 6 & 7 = M. schiedeana populations 
Key 
'1 	= Polymorphic digested H fragment in populations 5 & 7 
0 2 	= Polymorphic digested H fragment in population 6 
M 	= Marker lane 
C 	= Control 
5,6 & 7 	= M. schiedeana populations 
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Plate 14: Polymorphic H fragment in a Hpa II digest 
	
Plate 15: Polymorphic A fragment in a Hinf I digest 
a - 
 




—*1 	= Polymorphic digested H fragment in populations 5, 6 & 7 
—42 = Polymorphic digested H fragment in population 3 & 4 
M 	= Marker lane 
C 	= Control 
3 & 4 = M. sharpii populations 
5. 6 & 7 = M. schiedeana populations 
Key 
= Polymorphic digested A fragment 
M 	= Marker lane 
C 	= Control 
mg 	= M. grandflora  sample 
md 	= M. dealbata sample 
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Plate 16: Polymorphic A fragments in a Hsp92 II digest 
	
Plate 17: Polymorphic B fragments in a Jlinf I digest 
Key 
= Polymorphic digested B fragment in M. grandiflora 
—0,2 	=Polymorphic digested B frag. in M. s/?arpii & M. sc/iiedeana 
M 	= Marker lane 
3.2 	= M. sharpii sample 
6.2 	= M. schiedeana sample 
mg 	= M. grandiflora sample 
md 	= M. dealbata sample 
N.B. Different no. & size of frags. produced in M. dealbata cf. to the other 3 species. 
Key 
C 	= Control 
3.2 	= M. sharpii sample 
mg 	= M. grandiflora sample 
md 	= M. dealbaza sample 
N.B. Different number and size of fragments produced in M. grandiflora 
and M. dealbata compared with the other two species. 
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Figure 19: The most parsimonious phylogenetic tree based on the RFLP 





5.4. DNA Sequence from the cpDNA Fragment cd in Four Species 
A partial nucleotide sequence of the trnL (UAA) intron (between Taberlet et al. 
(1991) primers c & d) in M. schiedeana, M. sharpii, M. grandiflora and M. dealbata 
is given in Appendix 8. The clustal multiple alignment shows the variation within 
this sequence between these species. When extrapolating a particular species' 
sequence from the consensus sequence, it is important to note that, in addition to the 
specified base changes that are given, there are some bases that are defined in the 
consensus that are unknown in a particular sequence (denoted as -). In these 
instances, it is necessary to replace the base in the consensus with an unknown point 
in that sample's sequence. 
A sequence 513bp in length is listed for each species in Appendix 8. 218bp of this 
originates from the forward sequence, the remaining 295bp coming from the reverse 
sequence. This represents over 90% of the cd fragment, which is estimated to be 
approximately 550 or 560bp in the four species studied. The forward consensus 
sequence has 7.3% of base positions undefined whereas the reverse consensus 
sequence has only 3.4%. In addition, 5% of all of the base positions throughout all of 
the samples' specific sequences are unknown but defined in the consensus. Despite 
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these undefined bases, the vast majority of the cd fragment is represented in the 
sequence data. 
An inversion of each species' reverse sequence and a gapped pair alignment of each 
of these to each species' forward sequence in Gene Jockey H revealed no overlapping 
region between any of these sequences. This was expected as the total sequence 
length was less than the estimated fragment size. Therefore, there is some missing 
sequence that lies between the defined forward and reverse sequence. In addition, 
there may be some undefined sequence at the fragment ends. However, verification 
of this requires identification of a fragment's starting point. This can be achieved 
through accurate alignment of the forward and reverse sequences across most of the 
fragment's sequence. In such a situation, the sequences complement each other; the 
start of each sequence is represented at the end of the other, therefore, one sequences 
poorly resolved start is accurately read from the other's end. The procedures required 
to design and produce primers that would achieve such alignment were too time 
consuming to carry out in this study. 
Figure 20 lists the 12 polymorphisms that were identified throughout the readable 
sequence according to the criteria of section 4.2.8.2. Figure 21 illustrates each 
species' haplotype for each of these polymorphism. This shows that there were only 
two haplotypes for each polymorphism and that the rare haplotype was always unique 
to one species. It was from the data in figure 21 that the most parsimonious 
phylogenetic trees were produced. These are illustrated in figure 22. 
The clustal multiple alignment of the sequences did not identify the insertion of 
approximately 10 bases that was detected in this fragment in M. schiedeana by RFLP 
analysis. It is possible that this insertion may have been interpreted by the clustal 
multiple alignment as a gap and was subsequently removed. This was investigated 
by analysing gapped pairwise alignments in Gene Jockey H between the M. 
schiedeana sequences and the other species' sequences. This procedure failed to 
show any such 10 base gap or even several smaller gaps in the M. schiedeana 
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sequence. It can be concluded from this that the insertion must lie within the 
unsequenced region. 
Figure 20: Polymorphisms identified from the partial nucleotide sequence of the 
tr,,L (UAA) intron in four species 
Polymorphisms Species Sequence position Base change 
(F=forward; R=re verse) 
1 M. schiedeana 
2 
F80 C—A 
M. dealbata F162 
3 M. dealbata F163 
4 M. dealbata F197 T --- *C 
5 M. dealbata F262 A--->T 
6 M.sharpii R60 C—*T 
7 M. sharpii R61 A---->C 
8 M. shaipii R67 G---.>A 
9 M. schiedeana R218 A--->C 
10 M. schiedeana R271 T--->C 
11 M. schiedeana R320 T--->C 
12 M. schiedeana R322 G--)A 
Figure 21: Species' haplotypes for each polymorphism detected in the partial 
nucleotide sequence of the trnL (UAA) intron 
Species Haplotype for each Polymorphism (as referred to in fig.?) 
1 	1 2 	1 3 	4 	5 	6 	7 	8 	9 	10 	11 	12 
M. dealbata C I G IG C T C A G A T T G 
M.grandiflora C A A T A C A G A T T G 
M. schiedeana A A A T A C A G C C C A 
M. shwpii C A A T A T C C A T T G 
KEY Letter refers to nucleotide base found at polymorphic site. 
Section 5: Results 	 ill 
Figure 22: The most parsimonious phylogenetic trees based on the sequence 
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5.5. Isozyme Analysis 
Scoring of the repeat gel runs confirmed the technique's ability to produce consistent, 
reproducible results. The enzyme phenotypes observed were unremarkable in that 
they typified the banding patterns expected for enzymes with such quaternary 
structures: SDH is a monomer whereas the other three enzymes are dimers (Weeden 
& Wendel, 1989). Figure 23 illustrates the phenotypes seen and shows the 
corresponding genotypes. The results of the isozyme gel scoring for M. schiedeana 
and M. sharpii are presented in Appendix 10. This gives the genotype of each 
individual at each isozyme locus studied. These data were used to compute a variety 
of genetic statistics. 
The results of the chi-square test for Hardy Weinberg equilibrium (HWE) for each 
population at each locus are given in appendix 10. In addition, the significant values 
(P < 0.05) for this test are highlighted in figure 24. The genotype frequencies at the 
6PGD-1 locus were found to significantly differ (P < 0.05) from those expected 
under HWE in populations 1 to 6. This contrasts with the other loci, where only 
population 3's genotype frequencies were significantly different (P < 0.05) from 
those expected under HWE at the SDH-1 and AAT-1 loci. 
Figure 24 also gives Wright's (1978) fixation index (Fis) as a measure of 
heterozygote deficiency or excess for all the loci for each population. Whereas the 
chi-squared test for HWE indicates significant deviations from HAVE, the Fis values 
are complementary in providing a quantitative measure of the direction and the extent 
of the divergence from HWIE. Fis is calculated as: 
Fis = 1 - observed heterozygosity/expected heterozygosity 
Therefore, a positive Fis value indicates a heterozygote deficit while a negative value 
indicates a heterozygote excess. In addition, the deviation from zero indicates the 
extent of divergence from HWE, with values ranging from 1 to -1. As expected, the 
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largest deviations were seen in those that significantly deviated from HWE in the chi-
square test. Populations 1 to 6 at the 6PGD-1 locus showed the highest deviations 
from 1-IWE. At this locus, the M. sharpii populations had a heterozygote excess 
while M. schiedeana's populations showed a heterozygote deficit. As would be 
expected from the non-significant results of the chi-square test for HWE, the 
remaining values displayed smaller deviations. The SDH-1 locus always had 
negative Fis values but the PGI-1 and AAT-1 loci showed a combination of negative 
and positive values within both species. 
The observed heterozygosity and genetic diversity for all loci for each population is 
listed in figure 25. As discussed, Fis values are derived from these two measures to 
provide a quantitative measure of deviation from HWE. In addition, genetic diversity 
is a measure of the amount of genetic variation. It takes into account the number of 
alleles at each loci, as well as allele frequencies. Figure 26 illustrates the mean 
genetic diversity across all loci for each population. This shows that all of the 
populations had similar diversity values, ranging from 0.33 to 0.47. The M. 
schiedeana populations appeared to have slightly lower values than those of M. 
slzarpii. However, their error bars overlapped. The error bars of populations 6 and 7 
were large due to the low genetic diversity 6PGD-1 values. Figure 27 lists genetic 
diversity values for all loci for each species. Figure 28 is derived from this. This 
illustrates a comparison of the mean genetic diversity across all loci for each species. 
Once more, this shows that M. schiedeana had a slightly lower genetic diversity than 
M. sharpii but that the error bars overlap. 
For each population and species, allele frequencies at each locus were calculated. 
These are depicted as pie charts in figures 29 and 30. Comparisons across 
populations or species highlight the (dis)similarities in allele frequencies at the loci. 
For example, the similarity in allele frequencies between populations 3 and 4 is 
evident, as is the difference between population 5 and the other M. schiedeana 
populations at the 6PGD- 1 locus. 
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F-statistics for all loci for each species is given in figure 31. The mean Fst value was 
lower in M. schiedeana compared with M. sharpii. M. sclziedeana's value was 
heavily skewed by the 6PGD-1 value. Exclusion of this locus resulted in a mean Fst 
value of 0.0601 and 0.0421 for M. sharpii and M. schiedeana, respectively. This 
indicates that there was a slightly higher degree of genetic subdivision in M. sharpii 
compared with M. schiedeana. 
A single population linkage disequilibria chi-square test performed on all loci for 
each population yielded significant probability values (P <0.05) in two populations, 
populations 1 and 3. These significant values are given in figure 32. Population 2, 4, 
5, 6 and 7 had no significant linkage disequilibria. 
The semi-matrix of Nei's (1978) unbiased measure of genetic distance between all 
population pairs across all loci is illustrated in figure 33. Genetic distance is a 
measure of the similarity between populations. It adopts a scale of 0 to 1 (0 = 
identical populations, 1 = completely dissimilar populations). The dendogram 
(UPGMA method) and PCO analysis are ways of representing this data visually. 
They are displayed in figures 34 and 35. The PCO's first three eigenvalues account 
for 40.26, 25.49 and 14.82% of the variance, respectively. This is over 80% of the 
total variance. Therefore, the graphs based on the first three eigenvalues that are 
shown in figure 35 should be accurate and representative. Whereas the dendogram 
reduces the variance measured by genetic distance to one dimension, PCO treats 
every pairwise relationship in the matrix as a different dimension. It then represents 
this variation in a reduced spatial context using ordination. Therefore, PCO better 
utilises the information given in the semi-matrix of genetic distance. 
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Figure 23: Schematic illustration of enzyme phenotypes 
SDH-1 	 PGI-1, 6PGD-1, AAT 
(monomer) 	 (dimers) 




4 - 	 homodimer 
AA BB AB 	AA BB 	AB : Genotype 
Figure 24: Wright's (1978) fixation index (Fis) as a measure of heterozygote 
deficiency or excess for all loci for each population 
Popn.\Locus PGI-1 6PGD-1 SDH-1 A AT-i 
popLilation 1 0.0250 -0.6923 (0.00 17) -0.4286 0.0980 
population 2 0.2500 -1.0000(0.0000) -0.2381 0.1619 
population 3 -0.3450 -0.8667 (0.0000) -0.6000 (0.0045) -0.5000 (0.0 120) 
population 4 0.1649 -0.7000 (0.0056) -0.3333 0.0000 
population 5 -0.3500 0.6143 (0.0009) -0.3714 -0.1556 
population 6 0.2831 0.6471 (0.0000) -0.2860 -0.2500 
population 7 0.2513 0.1196 -0.4778 0.1429 
= Significant values (P < 0.05) for the chi-square test for Hardy-Weinberg equilibrium for each 
population at each loci. 
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Figure 25: Observed heterozygosity and genetic diversity for all loci for each 
population 
Population I 
Locus Sample size Ho He 
PGI-1 26 0.4615 0.4734 
6PGD-1 44 0.8182 0.4835 
SDH-1 30 0.6000 0.4200 
AAT-1 46 0.3478 0.38565 
Mean 36 0.4431 0.4406 
St. Err. 0.2024 0.0460 
Population 2 
Locus Sample size 	1 Ho He 
PGI-1 60 0.3333 0.4444 
6PGD-1 42 1.0000 0.5000 
SDH-1 50 0.5200 0.4200 
AAT-1 56 0.3929 0.4688 
Mean 52 0.5615 0.4583 
St. Err. 0.3025 0.0342 
Population 3 
Locus Sample size Ho He 
PGI-1 46 0.6522 04849 
6PGD-1 56 0.9286 0.4974 
SDH-1 48 0.7500 0.4688 
AAT-1 54 0.6667 0.4444 
Mean 51 0.7494 0.4739 
St. Err. 0.1270 0.0229 
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Population 4 
Locus Sample size Ho He 
PGI-1 34 0.4118 0.4931 
6PGD-1 34 0.8235 0.4844 
SDH-1 12 0.5000 0.3750 
AAT-1 36 0.4444 0.4444 
Mean 29 0.5449 0.4492 
St. Err. 0.1893 0.0538 
Population 5 
Locus Sample size Ho He 
PGI-! 54 0.5185 0.3841 
6PGD-1 54 0.1481 0.3841 
SDH-1 48 0.5417 0.3950 
AAT-1 60 0.4333 0.3750 
Mean 54 0.4104 0.3845 
St. Err. 0.1809 0.0082 
Population 6 
Locus Sample size Ho He 
PGI-1 56 0.3214 0.4483 
6PGD-1 54 0.0370 0.1049 
SDH-1 46 0.5652 0.4395 
AAT-1 60 0.4000 0.3200 
Mean 54 0.3309 0.3282 
St. Err. 0.2207 0.1599 
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Population 7 
Locus Sample size Ho He 
1 11GI-1 28 0.3571 0.4770 
6PGI)-1 54 0.2222 0.2524 
S1)H-1 38 0.7368 0.4986 
AAT-I 54 0.2963 0.3457 
Mean 44 0.4031 0.3934 
St. Err. 0.2292 0.1158 
Key 
110 = Observed heterozygosity 
He = Genetic diversity (Nei's (1973) expected heterozygosity) 
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Figure 27: Genetic diversity for all loci for each species 
Locus\Species M. sharpil 
sample size 	He 
M. schiedeana 
sample size 	He 
PGI-1 166 0.4877 138 0.4621 
6PGD-1 176 0.4948 162 0.4314 
SDH-1 140 0.4362 132 0.4541 
AAT-1 192 0.4995 174 0.3478 
Mean 168 0.4796 152 0.4238 
St. Err. 0.0293 0.0523 
Key 
He = Genetic diversity (Nei's (1973) expected heterozygosity) 
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Figure 29: Pie charts of allele frequencies for all loci for each population 
Locus: 	PGI-1 	 6PGD-1 	 SDH-1 	 GOT-1 
Population 1: 
B ___ 
 — A 













A 	B ____ 	 B - 	 B B ____ 





















Population 7:  
BII 	
B A 
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Figure 31: Summary of F-statistics for all loci 
(a) M. sharpii 
Locus Sample Size Fis Fit Fst 
PGI-1 166 0.0195 0.0615 0.0428 
6PGD-1 176 -0.8166 -0.8060 0.0059 
SDH-1 140 -0.4076 -0.3944 0.0094 
AAT-1 192 -0.0623 0.0739 0.1282 
Mean 168 -0.3032 -0.2627 0.0479 
(1) M. sc/i iedeana 
Locus Sample Size Fis Fit Fst 
PGI-I 138 0.0858 0.1700 0.0921 
6PGD-1 162 0.4505 0.6852 0.4271 
SDH-1 132 -0.3830 -0.3389 0.0319 
AAT-1 174 -0.0855 -0.0829 0.0024 
Mean 152 0.0086 0.1129 0.1428 
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Figure 32: Significant probability values (P < 0.05) from single population 
linkage disequilibria chi-square test performed on each pair of loci in 
each population 
Population I 
[Locus-Allele] [Locus-Allele] Burrows Correlation Chisq* Probability 
value 
[6PGD-1-A] [AAT-1-A] -0.0478 0.4916 4.35 0.0370 
[6PGD-1-A] [AAT-1-B] -0.0478 -0.8258 12.27 0.0005 
[6PGD-1-B] [AAT-1-B] 0.0478 1 0.6026 1 6.54 0.0106 
* All Chi-square tests have one degree of freedom. 
Population 3 
[Locus-Allele] [Locus-Allele] Burrows Correlation Chisq* Probability 
value 
[PGI-1-A] [SDH- l -A] 0.0260 0.5603 5.34 0.0209 
[PGI-1-B] [SDH-1-A] -0.0260 -0.9213 14.43 0.0001 
[SDH-1-A] [AAT-1-A] 0.0206 0.6056 7.33 0.0068 
[SDH-1-B] [AAT-1-A] -0.0206 -0.9706 18.84 0.0000 
* All Chi-square tests have one degree of freedom. 
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Figure 33: Semi-matrix of Nd's (1978) unbiased measures of genetic distance 
Population 1 2 3 4 5 6 7 
1 * * * * * * * 
2 0.0366 * * * * * * 
3 0.0931 0.0383 * * * * * 
4 0.0788 0.0374 -0.0043 * * * * 
5 0.1592 0.1626 0.0819 0.0792 * * * 
6 0.1738 0.2111 0.0952 0.0690 0.2008 * * 
7 0.1849 0.1398 0.0442 0.0457 0.2289 0.0330 * 











1-6 = nodes, where 1 is the shortest 
I i 
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Figure 35: PCO analysis based on Nei's (1978) genetic distance 
1st PCO (C 1) v 2nd PCO (C2) 
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Key: A, B, C, D, E & F = Population 1, 2, 3, 4, 5, 6 & 7, respectively 
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6. Discussion 
6.1. Species' Conservation Status 
The overall aim of this research project was to contribute to the development of a 
conservation strategy for Magnolia sharpii and Magnolia schiedeana. These species 
come from a taxonomic group and habitat that have had restricted distributions over 
the long term due to range contraction and human utilisation. In addition, they have 
suffered from the more recent increase in deforestation rates and forest fragmentation 
brought about by more intensive land use practices. The combination of these factors 
has reduced these species to a few remnant populations. 
These endemics of Mexican Evergreen Cloud Forest are considered endangered, 
based on 1994 IUCN categories (pers. comm., M. Gonzalez-Espinosa), and Magnolia 
schiedeana is listed as threatened with extinction (Vovides, 1981; Secretaria de 
Desarrollo Urbano y Ecologia, 1991). Evidence of this status was borne out by the 
fieldwork observations (refer to Appendix 3 for details): 
Population size 
A populations' extinction risk can be assessed using the concept of minimum viable 
population (MVP) and population viability analysis (PVA), as discussed in section 
1.6. One approach for determining a species' MVP is to use a rule of thumb, the 
50/500 rule having been the most widely applied. This general rule indicates that a 
minimum effective population size (Ne) of 50 is essential for a population's short 
term survival and one of at least 500 is necessary for maintaining the potential for 
adaptation (Franklin, 1980; Soulé, 1980). The estimated population sizes for the 
sampled populations ranged from 50 to 500. Therefore, according to the general rule, 
all of these populations are of immediate conservation concern, in particular site 7, 
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Acatlan, whose short term survival may be threatened by its small population of 
approximately 50 individuals. 
Furthermore, violation of any of the rigorous population assumptions that hold for Ne 
results in a Ne that is smaller than the census population size (N). Although widely 
divergent views have been expressed about the magnitude of Ne/N in nature, 
empirical estimates average 0.11 (Frankham, 1995). If such a ratio is applied to the 
sampled populations, then all of the populations fall on or below the minimum Ne 
that is required for a population's short term survival. Although there is uncertainty 
about the 50/500 rule's applicability to a wide range of species, it can at least serve as 
a subjective gauge against which to measure population status. Evidently, the 
populations studied here are small enough to warrant immediate conservation 
concern. 
Fragment size 
All of the sample populations occurred in small areas of Evergreen Cloud Forest that 
ranged in size from only 4 to 15 hectares, with the exception of site 4, Yerbabeuna, 
which with 150 hectares is still a relatively small area of forest. These small 
fragment sizes, within which the sampled populations are constrained, emphasise the 
fragmented, small nature of the sampled populations. 
Human impact 
Deforestation of Evergreen Cloud Forest is a major threat of extinction to M. sharpii 
and M. schiedeana. Deforestation occurs at such a rate that one of three M. 
schiedeana localities studied by Dieringer & Espinosa (1994) was being cut during 
the study and all three populations had experienced some degree of previous cutting. 
Furthermore, two of these populations, Otilpan and Naranjillo, have now been cut 
down (pers, comm. G. Williams-Linera). In addition, habitat modifications in the 
remaining forest fragments limit conditions for understory trees, such as M. sharpii 
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and M. schiedeana (Gonzalez-Espinosa et al., 1993b). The sensitivity of M. sharpii 
to such disturbance is illustrated by Gonzalez-Espinosa et al.'s (1993b) study, which 
found that M. sharpii occurred only in mature forest stands. 
There was substantial field evidence of the detrimental impact of human activity on 
the sampled populations. All of the M. sharpii populations had experienced recent 
episodes of felling for milpa cultivation. Plates 18 and 19 illustrate the cutting at site 
2, Achlum and site 3, El Retiro, respectively. Even site 4, Yerbabuena, which is the 
only site which is part of an official reserve, has experienced recent cutting. About 5 
years ago, the reserve was partly felled for cultivation. The remaining fragment at 
the top of the reserve, containing M. sharpii, was protected from the felling by its 
strong religious/spiritual connections as a source of water (pers. comm., N. Ramirez-
Marcial). Furthermore, there was also evidence of timber extraction and previous 
milpa cultivation at the M. sharpii sites. Although the M. schiedeana sites had not 
been subjected to recent felling, they all showed evidence of timber extraction. All 
of the sampled populations were surrounded by cultivation. While sites 6 and 7 were 
protected by the unsuitability of the steep-sloped land for cultivation, the others were 
preserved by their present land owners for other reasons. It is the future of the latter 
fragments that is, perhaps, most precarious. 
Regeneration 
Many Magnolias show a pronounced ability to regenerate vegetatively from the base 
of the trunk (Treseder, 1978). This may be facilitated by their being surface rooting 
(Treseder, 1978). Regeneration by this means has been documented in M. dealbata 
(Treseder, 1978), M. tarnaulipana Vazquez (Sosa & Puig, 1987) and M. schiedeana. 
In fact, Dieringer and Espinosa (1994) discovered that three populations' 
regeneration was primarily by resprouting of the roots and trunk bases, and not 
seedling recruitment. In addition, the very low fertility exhibited by these 
populations is thought to be related to previous episodes of cutting (Dieringer & 
Espinosa, 1994). 
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Field observations verified these findings. Few Magnolia seedlings were observed at 
the sites and those that were found often occurred close to mature trees. Some were 
checked, positively, for root attachment to the older plant. It is possible that the 
pattern of forest exploitation has changed the demographic structure of these 
populations and in doing so has affected their mating systems, reducing fecundity and 
increasing the proportion of clonal recruits. The occurrence of clonal growth would 
greatly reduce the Ne of these populations as the assumption of a randomly mating 
population would be violated. This indication of Ne being substantially lower than N 
in the sampled populations emphasises the small size of the populations and their 
correspondingly high extinction risk. Therefore their need for immediate 
conservation action is evident. 
M. sharpii's requirement for conservation action is emphasised by the fact that the 
four sampled M. sharpii populations almost entirely represent this species. Its only 
other known site, Cerro Blanco, is located about 10km from site 4, Yerbabeuna. It 
consists of two fragments: one of approximately 50 hectares that contains about 300 
M. sharpii trees; the other of about 250 hectares that has an unknown density of M. 
sharpii (pers. comm., N. Ramirez-Marcial). 
6.1.1. Conclusion 
The field observations corroborated the endangered status of M. sharpii and M. 
schiedeana. Therefore, it is vital to gain an understanding of these species' genetic 
variation in order to develop strategies for their effective conservation. It was the 
aim of this study, therefore, to contribute to the conservation of Magnolia sharpii and 
Magnolia schiedeana by assessing the level and structure of their genetic variation. 
A genetic survey of these species conducted now would form a baseline for 
monitoring the processes influencing the viability of small populations and 
quantifying future human impacts, in addition to providing a basis on which to 
evaluate the genetic implications of their conservation. 
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In addition, it was the aim of this study to provide a survey of the species' 
distributions and habitat, based on field data and a review of herbarium records. This 
was achieved by the compilation of a reference database (in Appendices 2-5) from 
herbarium record and field data. From this, an assessment of the conservation status 
of the sampled populations has been explored. In addition, this database can be used 
as a baseline for quantifying population trends, and therefore, supply information for 
the characterisation of threat status, according to the I1JCN Red List Categories. 
Isozyme analysis and RFLP analysis of cpDNA PCR product were the marker 
systems employed in the genetic survey. The results obtained from each marker will 
now be discussed in turn. It was the aim of the data analysis to compare the level and 
structure of the genetic variation measured to predictions based on the life history 
traits of M. sharpii and M. schiedeana. These comparisons will be explored. In 
addition, the use of these markers in resolving intraspecific variation in the study 
species will be assessed. Furthermore, the usefulness of the information gained in 
evaluating the genetic implications of their fragmented distributions and in 
developing strategies for these species' effective conservation will be considered. 
Finally, in order to achieve effective conservation management, this work has to be 
integrated into a larger decision-making framework. Other factors that are important 
in determining these species' extinction risk will be proposed and suggestions for the 
direction of future research will be made. 
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Plate 18: Cutting at site 2, Achlurn 
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6.2. RFLP Analysis of cpDNA PCR Product 
Prior to considering the level and structure of genetic variation found in the cpDNA 
of these species, attention will be given to the underlying nature of the 
polymorphisms that were detected. 
6.2.1. The Underlying Source of the cpDNA RFLPs 
Determining the underlying source of an RFLP can be difficult without performing 
further investigations. This is illustrated by the cd fragment's polymorphism and the 
H fragment's polymorphisms. 
6.2.1.1. Fragment cd Polymorphism 
Fragment cd showed an insert of approximately lObp. This polymorphism was 
interspecific, with M. schiedeana having the larger fragment. It could be directly 
visualised in the undigested fragment but was more clearly seen in the Alu I, Hsp92 II 
and Rsa I digests. However, the Hinf I and Taq I digests did not show the RFLP, 
despite its presence in the undigested controls. Both of these digests produced an 
undefined number of fragments including some small, unidentified ones. Therefore, 
the polymorphisms may have defied identification in these digests by lying within 
one of these small fragments. Alternatively, a cutting site may have lain within the 
insert, splitting the RFLP between two fragments. The resolution of the acrylamide 
gel system would make identification of this difficult. A further possibility is that the 
insert was not composed of 10 or so consecutive base pairs but was made up of 
several nonadjacent, smaller inserts. A common cutting enzyme, such as Hinf I or 
Taq I, could split such a polymorphism between two or more fragments, making 
RFLP visualisation difficult. If required, this issue could be resolved by using a gel 
system that attained a higher resolution, such as a sequencing gel. 
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This cd length variant was classed as one polymorphism as the basis for all of the 
restriction enzyme variants could be traced back to a length variant in the undigested 
fragment. 
6.2.1.2. Fragment H Polymorphisms 
Restriction digests of fragment H yielded several RFLPs. While Alu I, Hae ifi, Hinf I 
and Taq I all detected a deletion of approximately 30bp in one fragment in 
populations 5 and 7 compared with all the other populations, Rsa I detected the 
reverse of this; populations 5 and 7 showed an insert of approximately 30bp in one 
fragment. Interpretation of these results is less straightforward than for the cd 
fragment's polymorphism. 
An RFLP was not detected in the undigested fragment. It is possible that an 
insertion/deletion RFLP was present in the undigested fragment but its detection was 
prevented by the high level of background noise produced by the large fragment. 
This may also account for the lack of detection of a RFLP in the Hsp92 II digest, 
which produced only one identifiable large fragment (1600bp). However, this does 
not explain the reverse pattern of the RFLP seen in the Rsa I digest compared with 
the other H fragment intraspecific polymorphisms. In addition, it does not explain 
why the Hpa II digest (which detected an interspecific difference in the number of 
restriction sites, with M. schiedeana having an additional site compared with M. 
sharpii) did not show the deletion/insertion seen in the other RFLPs. 
The possibility exists that the intraspecific RFLPs did not represent insertion/deletion 
events. Rather, they may have been due to changes in the relative position of a 
restriction site caused by a DNA rearrangement, such as an inversion. In this 
instance, the difference in length seen within one fragment should have been 
reflected by a corresponding inverse length change in another of the digest's 
fragments. This pattern was not observed. In some digests, such a fragment may 
have been too small to be identified. This is not possible for the Rsa I digest, 
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however, where no small fragments were produced. However, the fragment may 
have been hidden in the larger of the two fragments, which is 1250bp. Nevertheless, 
it seems unlikely that the difference would not have been detected in at least one of 
the five digests that showed the 30bp difference. In addition, one rearrangement 
event is unlikely to have resulted in the shift in the cutting site of these five enzymes 
being constant in size. Although the source of the RFLP cannot be determined 
without extensive investigation, the important point is the recognition of the 
variation. Therefore, each of these RFLPs was treated as a distinct polymorphism. 
This interpretation of some of the RFLPs found in this study has illustrated the 
difficulties encountered in determining the underlying source of an RFLP without 
carrying out extensive investigation. However, this does not detract from the 
usefulness of these markers in assessing the level and structure of genetic variation. 
The vital factor in doing so is the measurement of such variation, not the 
determination of its origin. 
6.2.2. The Extent and Structure of Genetic Variation Detected 
by RFLP Analysis of cpDNA PCR Product in M. sharpii 
And M. schiedeana 
It was the aim of the data analysis to compare the extent and structure of the genetic 
variation measured in M. sharpii and M. schiedeana to predictions based on their life 
history traits. The results of the RFLP analysis of cpDNA PCR products allowed 
these comparisons to be explored. 
Species' geographic range 
A higher level of genetic variation was found in the cpDNA of M. schiedeana 
compared with M. sharpii; 5 intraspecific markers were detected within M. 
schiedeana's cpDNA but no intraspecific cpDNA variation was found within M. 
sharpii. This agrees with the prediction based on geographical range, whereby the 
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wider ranging species, M. schiedeana, was expected to have a higher level of genetic 
variation compared with the more geographically restricted species, M. sharpii. 
Populations' geographic isolation 
Populations which were more geographically isolated by distance were expected to 
experience relatively little gene flow between populations. As a result, such isolated 
populations were expected to have lower levels of genetic variation within their 
populations and higher levels of genetic differentiation compared with the less 
isolated populations. However, this pattern was not detected in the cpDNA of M. 
schiedeana. All of the intraspecific markers detected within M. schiedeana's cpDNA 
showed the same pattern of haplotype distribution; the common M. schiedeana 
haplotype was consistently found within populations 5 and 7, the other occurring in 
population 6. However, it was site 7, not site 6, that was the most geographically 
isolated of these populations, lying approximately 20km and 25km away from sites 5 
and 6, respectively. In comparison, site 5 and 6 were separated by less than 10km. 
This illustrates that generalisations about genetic diversity based on species' range, 
distribution and breeding system cannot always predict the level and distribution of a 
species' genetic variation as other factors also influence species' genetic variation, 
such as ecological and evolutionary history. Topographic features, as well as 
geographical distance, may also have affected the isolation of the M. schiedeana 
populations. However, there was no evidence of any physical barrier isolating site 6 
from the other two sites. Perhaps a historical factor, such as population 5 or 7 having 
founded the other, could account for the similarity seen between the cpDNA of 
populations 5 and 7. This could be tested by phylogeographic analysis. However, 
the appropriate sequence information to test this was not available during this study. 
This deviation from the prediction highlights the caution that must be exercised in 
interpreting such generalisations to specific cases. While it is important to have 
general guidelines on which to build conservation strategies in the absence of 
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empirical data, their general nature must be interpreted in the unique context of each 
conservation problem. 
Intrapopulation genetic variation 
The cpDNA polymorphisms detected within M. schiedeana showed no variation 
within the populations; the populations' cpDNA haplotype was fixed. This pattern of 
cpDNA genetic distribution was that expected from angiosperm cpDNA; it often 
displays a greater degree of differentiation than nuclear markers, such that the 
majority of the genetic variation is distributed among rather than within geographic 
populations (Birky et al., 1989; El Mousadik & Petit, 1996a). This is because the 
predominantly maternally inherited cpDNA may only migrate in the seed compared 
with biparentally or paternally inherited markers which may migrate twice, in both 
the pollen and the seed. 
An increased population sample size may have enabled intraspecific variation to be 
detected. Investigation of this was prevented by the inability to amplify the 
polymorphic H fragment in further samples. However, Pons & Petit (1995) 
calculated a very small optimal sample size per population of 2.5 for investigating 
cpDNA genetic variation. Even when the number of populations is limited, they 
found little point in increasing the sample size per population past values situated 
around five individuals per population (Pons & Petit, 1995). This, in conjunction 
with the low level of interpopulation variation detected in this cpDNA study, 
indicates that intraspecific variation was unlikely to have been detected in an 
increased sample size. 
Breeding system 
Based on M. schiedeana's and M. sharpii's mixed animal breeding system, these 
species were expected to have relatively low variation overall and within their 
populations but high genetic differentiation compared with outcrossing and wind 
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pollinated species. In fact, the overall level of cpDNA genetic variation detected by 
the RFLP analysis was low, with 5 cpDNA polymorphisms being found within M. 
schiedeana and none being detected within M. sharpii. In addition, there was no 
detection of intrapopulation genetic variation. Figure 36 compares the extent of 
intraspecific cpDNA genetic variation detected and the method of screening for 
cpDNA polymorphisms using the PCR-RFLP technique between this study and other 
studies of forest tree species. Some other studies have found considerable 
intraspecific variation in angiosperm trees. For example, the wind pollinated, 
outcrossing Quercus robur had 30 polymorphisms detected within 9 cpDNA 
fragments (Demesure et al., 1995). However, most of the studies that have assessed 
cpDNA variation in tree species have considered species with extensive geographical 
ranges. Haplotypes of cpDNA in these widespread species tend to occur over large 
parts of the species' range (Demesure et at., 1996; Ferris et al., 1993; Ferns et al., 
1995). Very few studies have assessed cpDNA variation in tree species with such 
narrow ranges as those discussed here, although Argania spinosa, a Moroccan 
endemic with a range of about 8000 000 ha, was found to have a high level (0.9) of 
total cpDNA diversity (El Mousadik & Petit, 1996a). 
The prediction made in the aims based on population size cannot be investigated with 
the cpDNA data as it requires measurement of intrapopulation variation. This, along 
with the other predictions, will be further investigated using the isozyme data. 
Firstly, however, consideration will be given to the phylogenetic information 
produced by the RFLP analysis of cpDNA PCR products in four species of 
Magnolia, as well as discussing the efficiency of this marker system in resolving 
cpDNA genetic variation in the study species. 
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Figure 36: The extent of intraspecific cpDNA variation detected and the method of screening for cpDNA polymorphisms using the 
PCR-RFLP technique in various tree species 
Species 
Quercus robur 
A rgania spuzosa 
Pin us !eucoth'rmis 
Pagus svh'atiea 
Quercus robur: 




Sample size No. 	of 	cpDNA No. 	of 	restriction No. 	of 	polymorphisms 
fragments 	used enzymes used detected 
(source) 
ND 9(D) 13 30 
19 pops: 95 inds 12 (D. T & 1)u) 1 11 
7 pops: 	80 inds 2 (T) II 0 
121nds 10(T&D) 19 4 
85 pops: 399 inds 4 (D) 4 11 
33 Sites: 16 inds/site 1 (1') 1 1 
15 sites: 1-5 inds/site 1 (1) 1 
73 sites: 154 inds 1 (1) 2 1 
4 pops : 4 inds/pop 6 (D & 1') 8 0 
3 pops: 4 inds/pop 6 (1) & T) 8 5 
Reference 
Demesure et at. (1995) 
El Mousadik & Petit (1996a) 
Boschcrini etal. (1994) 
i)ernesure et al. (1996) 
Ferris etal. (1993) 
Ferris etal. (1995) 
This study 
KC) 
pops = populations 	 D = Demesure etal. (1995) 
inds = individuals 	 T =Taberlet etal. (1991) 
Du = Dumolin-Lapegue etal. (1997) 
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6.2.3. The Phylogeny of cpDNA in Four Species of Magnolia 
Based on RFLP Analysis of cpDNA PCR Product 
In addition to the 5 intraspecific polymorphisms detected within M. schiedeana's 
cpDNA, 5 interspecific cpDNA polymorphisms were detected among four Magnolia 
species. The interspecific polymorphisms were used to produce the most 
parsimonious phylogenetic tree. While this phylogenetic tree found the cpDNA of 
M. sharpii and M. schiedeana to be the most closely related species, it also showed 
that the cpDNA of M. dealbata was more closely related than that of M. grandiflora 
to the cpDNA of these two species. This latter result is surprising considering that 
M. grandiflora belongs to the same taxonomic section as M. sharpii and M. 
schiedeana, while M. dealbata belongs to a different one, Rhytidospermum. In fact, 
M. grandiflora is thought to be closely related to M. schiedeana (Treseder, 1978). 
However, this tree was based on only a few polymorphisms. The inclusion of more 
cpDNA genetic variation data would provide a more reliable analysis of the 
phylogeny of these species. 
6.2.4. DNA Sequence from the cpDNA Fragment cd in Four 
Species of Magnolia 
A comparative analysis of the sequence from the four species' cd fragment gave 
further insight into the phylogeny of cpDNA within these species. Furthermore, it 
enabled the efficiency of the RFLP analysis in detecting underlying nucleotide 
variation to be assessed; by directly evaluating the variation present in this amplified 
cpDNA fragment, it was possible to state whether the RFLP analysis was able to 
detect the majority of the base sequence variation. 
6.2.4.1. DNA Sequence Quality 
The sequence data obtained was not of the highest quality as the error rate was 
relatively high. In general, about 5% of all of the sequences were undefined base 
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positions. This compares to an excellent sequence data, in which the first 300 
nucleotides may have less than 1% errors. In addition, 1.6% of all the base positions 
in the samples' forward sequences contained a base difference that occurred in only 
one sequence. About 40% of these occurred in one sample, M. dealbata sample 2, 
with about 30 % occurring in M. dealbata sample 1 and M. sharpii sample 1. Only 
0.5% of all the base positions in the samples' reverse sequences contained a base 
difference that occurred in only one sequence. Approximately half of these occurred 
in M. sharpii sample number 2. As each of a species' two sequences was derived 
from different PCR amplifications of the same individual, these intraspecific 
variations could be accounted for by real variation between individuals. They must 
have been errors caused by the PCR amplification or the sequencing. However, the 
identification of polymorphisms was conservative in that a potential polymorphism 
was excluded if there was any doubt in assigning a haplotype across all of the 
species. This minimised the risk of sequence error inclusion in the analysis. 
Further optimisation of the sequencing protocol could improve the quality of future 
sequencing. Primers whose length and nucleotide content is better suited for 
sequencing could be designed. In addition, optimisation of the annealing temperature 
of the cycle sequencing reaction could improve the sequence quality. 
6.2.4.2. The Phylogeny of cpDNA in Four Species of 
Magnolia Based on DNA Sequence from the 
cpDNA Fragment cd 
12 polymorphisms were identified from the partial sequence of the cd fragment in 
four Magnolia species. This data was used to gain further insight into the phylogeny 
of cpDNA within these species by producing the most parsimonious phylogenetic 
trees. In contrast to the most parsimonious tree produced by the RFLP analysis of 
cpDNA PCR product, the cpDNA sequence analysis produced three most 
parsimonious trees. Based on more polymorphisms than the RFLP analysis, it 
consistently showed the M. dealbata cd fragment sequence to be the most distantly 
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related of the four species' sequences. However, the analysis was unable to resolve 
the phylogeny of the cd fragment sequence within the three species belonging to 
section Theorhodon. Therefore, the inclusion of more cpDNA genetic characters is 
required to resolve the intrasection phylogeny, as well as to obtain a more accurate 
analysis of the phylogeny of these species. 
Nevertheless, these results indicate that measures of cpDNA genetic variation based 
on sequencing data and/or PCR-RFLP data may be used to study the taxonomy of 
closely related species. This is supported by Taberlet et al.'s (1991) detection of 
interspecific, but not intraspecific, variation in a partial sequence of the cd fragment 
of two closely related species of Acer. RFLP analysis of cpDNA PCR products, as 
well as sequencing of these PCR fragments, may be able to provide information on 
the phylogenetic classification of Magnolia, which is presently lacking (Frodin & 
Govaerts, 1996). 
6.2.4.3. The Efficiency of RFLP Analysis of cpDNA PCR 
Product in Detecting Polymorphisms in the Study 
Species 
The sequence spanning each of the 12 polymorphic nucleotide bases (4 bases either 
side) was examined for correspondence to any of the recognition sequences of the 
restriction enzymes used in the RFLP analysis. One match was found at 
polymorphism 10, where T was replaced with C in M. schiedeana, creating a Hinf I 
cutting site. However, this new recognition site polymorphism was not detected by 
the RFLP analysis. No other Hinf I recognition site was found within the reverse 
sequence, ruling out the possibility that the polymorphism created a fragment that 
was too small to be detected by the acrylamide gel electrophoresis. As the M. 
schiedeana sequence was based only on one sample, this polymorphism, along with 
any other M. schiedeana sequence polymorphism, must be interpreted with caution; 
verification cannot be gained from a second samples' sequence. It is likely that 
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polymorphism 10 did not represent true interspecific variation, rather it was an error 
arising from either the PCR amplification or the cycle sequencing reaction. 
The sequence surrounding each of the remaining 11 sequence polymorphisms did not 
correspond to a recognition sequence of any of the restriction enzymes used in the 
RFLP study. This reflects an inefficiency in the ability of the RFLP analysis to detect 
underlying nucleotide variation. Therefore, a more effective strategy than randomly 
screening with restriction enzymes for population cpDNA variation is proposed. 
Wherever possible, DNA sequencing should be used to identify polymorphisms in 
the first instance. Restriction enzymes can then be specifically selected to target 
these polymorphisms. 
In addition, other modifications to screening procedure may increase the level of 
cpDNA variation detected. Some of the cpDNA fragments amplified using the 
universal primers may be more informative than others. For example, an intergenic 
region with no known regulatory properties is likely to show more variation 
compared with an intron, like the cd fragment, which has catalytic properties and 
forms secondary structures, as the latter will be under strong constraints from 
selection. As a result, concentration of research efforts on screening intergenic 
cpDNA fragments for polymorphisms may enable the detection of higher levels of 
cpDNA variation. In addition, having detected numerous intraspecific mtDNA 
polymorphisms in oaks (Dumolin-Lapegue et al., 1997), sensitive single-strand 
conformation assay (SSCP analysis) could be used to resolve base pair substitutions 
in cpDNA PCR fragments that remain undetected by acrylamide gel electrophoresis 
of restriction digests. 
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6.3. The Extent and Structure of Genetic Variation Detected 
by Isozyme Analysis in M. sharpii and M. schiedeana 
Using isozyme analysis, the genetic structure of M. sharpii and M. schiedeana was 
quantified in terms of genetic diversity within species and populations, the 
distribution of genetic diversity among populations, and the arrangement of genetic 
variation within populations. These results were then compared with the predictions 
based on the life history traits of M. sharpii and M. schiedeana that were constructed 
in the aims. 
6.3.1. Species' Geographic Range 
Based on geographical range, the wider ranging M. schiedeana was expected to have 
higher genetic variation overall and within its populations compared with the more 
geographically restricted M. sharpii. However, there should have been no difference 
in the extent of between population variation. The estimation of each of these 
components of genetic variation in the isozyme analysis gave the following results. 
6.3.1.1. Species' Genetic Diversity 
The mean genetic diversity across all loci was similar for both species (0.48 for M. 
sharpii and 0.42 for M. schiedeana, respectively). Although M. schiedeana had a 
slightly lower value than M. sharpii, the error bars of the two values overlapped. As 
a result, the difference may not be real. The inclusion of further isozyme loci in the 
analysis could give a more precise and accurate estimate of genetic diversity and, 
therefore, of any interspecific difference. However, based on this data, it appears that 
any difference between these species will be small. In conclusion, the wider ranging 
M. schiedeana did not show a higher degree of overall genetic variation in the 
isozyme analysis compared with the more geographically restricted, M. sharpii. 
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6.3.1.2. Population Genetic Diversity 
The mean genetic diversity across all loci was similar for each population, with 
values ranging from 0.33 to 0.47. M. schiedeana's populations had slightly lower 
values than those of M. sharpii. As for the species' genetic diversity values, 
however, the error bars of the M. schiedeana populations' genetic diversity values 
overlapped with those of the M. sharpii populations. Therefore, there was no 
evidence from the isozyme analysis that the wider ranging M. sclziedeana had higher 
levels of within population genetic variation than M. sharpii. 
6.3.1.3. Population Genetic Differentiation 
Mean Fst values were very similar for the two species; 0.0601 and 0.0421 for M. 
sharpii and M. schiedeana, respectively. Therefore, about 6% and 4% of the species' 
total genetic diversity detected by the isozyme analysis was explained by differences 
between populations in M. sharpii and M. schiedeana, respectively. This similarity 
in degree of genetic differentiation within the two species was in agreement with the 
prediction based on geographical range that there should be no difference in the 
extent of between population variation. 
6.3.1.4. Deviation of Observed Results from General Rule 
The measured values of species' and populations' genetic diversity deviated from 
those expected under the prediction based on species' geographical range. This 
reaffirms the conclusion drawn in section 6.2.2 that generalisations about genetic 
diversity based on species' range, distribution and breeding system cannot always 
predict the level and distribution of a species' genetic variation. Other factors also 
influence species' genetic variation, such as ecological and evolutionary history. 
Perhaps such a historical factor was of more importance in determining the species' 
and populations' genetic diversity within these species than was the species' 
geographic range. A comparison of this study's results with those obtained from 
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other studies can help to gain insight into the factors that have been important in 
determining these species' genetic variation. 
6.3.1.5. Comparison of Genetic Diversity Between This 
and Other Studies 
Both M. sharpii and M. schiedeana are endemic to Mexico. These relatively 
restricted species' genetic diversity values were compared with genetic diversity 
values drawn from other isozyme studies, including those of widely ranging species. 
This enabled the prediction based on species' geographical range to be investigated 
over a larger scale; do M. sharpii and M. schiedeana have lower genetic variation 
overall and within their populations compared with more wider ranging species? 
In a review of accumulated studies of isozyme variation in over 400 plant species, 
Hamrick & Godt (1989) calculated a mean species' genetic diversity of 0.149. They 
found that endemic species contained less than half the genetic diversity (mean He = 
0.096) of widespread species (mean He = 0.202) (Hamrick & Godt, 1989). In 
addition, they estimated the mean genetic diversity within populations to be 0.113 
and found that populations of endemic species had much less genetic diversity (mean 
He = 0.063) than did populations of widespread species (mean He = 0.159) (Hamrick 
& Godt, 1989). These values compare with those obtained from this isozyme study; 
species' and populations' genetic diversity values were more than twice as high as 
the mean values calculated by Hamrick & Godt (1989) for widespread species. 
This lack of conformation to the generalisation about the degree of genetic diversity 
based on species' geographic range emphasises the influence that other factors have 
on the study species' genetic variation. This is in agreement with Hamrick & Godt 
(1989) finding that the majority of the variance in species' and populations' genetic 
diversity was due to the specific ecological and evolutionary history of a species. 
The eight species' traits that they considered accounted for only about one quarter of 
the variation seen in species' and populations' genetic diversity 
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(Hamrick & Godt, 1989). In addition, the geographic range of a species accounted 
for less than 10% of this variance(Hamrick & Godt, 1989). 
The relatively high values of genetic diversity and the relatively low values of genetic 
differentiation obtained from this study suggest that genetic drift has not resulted in 
the loss of high amounts of genetic variation and has not highly differentiated the 
sampled populations within the species. Therefore, there is no indication that these 
populations have been genetically isolated. This result is, perhaps, not surprising 
when the sampling range of these species is considered. The populations of each 
species were sampled over tens of kilometres. These populations may have become 
fragmented only in the more recent past, when the rates of deforestation and forest 
fragmentation rose rapidly under the increasing pressure from human activities. 
Therefore, the time elapsed since their isolation may have been insufficient to enable 
the detection of genetic erosion within the populations. Conversely, the fragments 
may not be genetically isolated at present; their pollinators(beetles) or, more likely, 
seed dispersers (birds) may facilitate the exchange of genetic material between 
populations. Such gene flow could counteract the effects of genetic drift by 
increasing the genetic variation within populations and reducing between population 
differentiation. 
In contrast to the range over which samples were collected in this study, Qui & 
Parks' (1994) sample range in an isozyme study of three Magnolia species (section 
Rhytidospennuin) extended over several hundred kilometres. The degree of genetic 
differentiation detected was higher than that found in this study; the mean Fst value 
ranged from 0.232 to 0.537 (Qui & Parks, 1994). This higher degree of genetic 
differentiation may be partly attributed to the sampling of more geographically 
isolated populations. In addition, the mean species' and populations' genetic 
diversity values were estimated to be much lower than those detected in this study; 
the species' genetic diversity ranged from 0.062 to 0.139 and the population genetic 
diversity ranged from 0.033 to 0.111 (Qui & Parks, 1994). This difference between 
the genetic diversity detected by Qui & Parks (1994) and that estimated by this study 
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may have arisen from the species having experienced different ecological and 
evolutionary histories. Alternatively, or in combination with this factor, the 
difference in genetic diversity may have been due to variation in the proportion of 
polymorphic loci studied. Qui & Parks (1994) studied 17 loci from 10 different 
enzyme systems, not all of which were polymorphic, compared with this study's 4 
polymorphic loci from 4 enzyme systems. Increasing the number of isozyme loci 
studied in M. sharpii and M. schiedeana may provide a more precise and accurate 
estimate of genetic diversity in these species. 
6.3.2. Populations' Geographic Isolation 
Populations which were more geographically isolated by distance were expected to 
experience relatively little gene flow between populations. As a result, such isolated 
populations were expected to have lower levels of genetic variation within their 
populations and higher levels of genetic differentiation compared with the less 
isolated populations. The calculation of allele frequencies at each locus and unbiased 
measures of genetic distance between all population pairs across all loci enabled the 
genetic differentiation between the species' populations to be assessed. 
The mean genetic diversity across all loci was similar for each population and there 
was no evidence of the most geographically isolated populations having lower levels 
of genetic variation within their populations compared with the less isolated 
populations. 
Comparison of allele frequencies across populations highlighted the (dis)similarities 
in allele frequencies between populations. For example, the similarity in allele 
frequencies between populations 3 and 4 was evident, as was the difference between 
population 5 and the other M. schiedeana populations at the 6PGD-1 locus. The 
unbiased measure of genetic distance quantified this (dis)similarity between 
populations' based on the isozyme analysis. The genetic distance values ranged from 
low ( Dst = -0.0043 between populations 3 and 4 ) to relatively high (Dst = 0.2289 
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between populations 5 and 7). The dendogram (UPGMA method) and PCO analysis 
allowed these measures to be visually represented. These methods highlighted the 
same features in the relationships between the study's populations. In the 
dendogram, the populations of each species were more closely related to each other 
than they were to those of the other species. In addition, M. sharpii was consistently 
separated from M. schiedeana in the PCO analysis; the cluster of M. sharpii 
populations never overlapped with that of M. schiedeana, indicating that there was a 
difference in allele frequencies between these species. In addition, there was 
evidence of population differentiation within both species. Both the dendogram and 
the PCO analysis showed the genetic similarity between populations 3 and 4. 
Populations 1 and 2 were consistently found to be more closely related to each other 
than they were to either population 3 or 4. The PCO analysis did not clearly show 
any of the M. schiedeana populations to be more distantly related than the others. 
However, the dendogram showed population 5 to be more distantly related to 
populations 6 and 7 than the latter were to each other. The better utilisation of the 
information given in the semi-matrix of genetic distance by the PCO analysis was 
discussed in section 5.5. Based on this, the M. schiedeana population differentiation 
shown in the dendogram, but lacking from the PCO analysis, should be treated with 
caution. 
The mean population genetic diversity values and the pattern of population 
differentiation derived from the unbiased measures of genetic distance did not 
support the prediction that more geographically isolated populations have higher 
levels of genetic differentiation compared with less isolated populations. The most 
geographically isolated populations of M. sharpii and M. schiedeana, populations 4 
and 7, respectively, were not the most distantly related of these species' populations. 
Yet again, this illustrates how generalisations about genetic diversity based on 
species' range, distribution and breeding system cannot always predict the level and 
distribution of a species' genetic variation. The close similarity in allele frequencies 
between populations 3 and 4 compared with that between population 3 and its 
neighbouring populations 1 and 2 was a surprising result, given the geographic 
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distribution of these populations. A historical factor, such as population 3 or 4 
having founded the other may account for the population differentiation seen in M. 
sharpii. Although pollen dispersal by beetles between these populations (over 50 
kms) seems unlikely, avian seed dispersal over this distance is plausible. 
6.3.3. Intrapopulation Genetic Variation 
Based on population size, the larger populations of both M. schiedeana and M. 
sharpii were expected to have more genetic variation than the smaller ones. The 
estimated Magnolia population sizes listed in Appendix 3 show that site 4 had the 
largest estimated M. sharpii population (-500 trees), and site 3 the smallest (-200 
trees). In addition, site 6 had the largest estimated M. schiedeana population (-300 
trees) and site 7 the smallest (-50 trees). The mean genetic diversity across all loci 
for each population was similar and there was no evidence to support the expected 
distribution of genetic diversity within populations based on population size, despite 
the populations differing in size by an order of magnitude. 
6.3.4. Breeding System 
6.3.4.1. Determination of Species' Genetic Variation 
Based on M. schiedeana's and M. sharpii's mixed animal breeding system, these 
species were expected to have relatively low variation overall and within their 
populations but high genetic differentiation compared with outcrossing and wind 
pollinated species. The estimation of each of these components of genetic variation 
in the isozyme analysis was discussed in section 6.3.1.1 to 6.3.1.2. A comparison of 
these results with those obtained from other studies can help to investigate this 
prediction. 
Hamrick & Godt (1989) found that breeding system accounted for only 4% of the 
total variation seen in species genetic diversity in their review of accumulated studies 
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of isozyme variation. However, out of the eight traits considered, it accounted for the 
largest proportion of variation in population genetic diversity (9%). Selfing species 
had half the population genetic diversity (mean He = 0.074) of wind pollinated 
species (mean He = 0.148) (Hamrick & Godt, 1989). A mean of 22% of the total 
diversity occurred among populations, with the 8 traits accounting for less than half 
of the heterogeneity among species. Selfing species had fivefold more diversity 
among populations (mean Gst = 0.51) than wind-pollinated, outcrossed species 
(mean Gst = 0.10), with animal pollinated species generally having intermediate 
values (mean Gst = 21%) (Hamrick & Godt, 1989). These values compare with the 
measure of genetic differentiation obtained in this isozyme study; populations' 
genetic diversity values were more than twice as high as the mean values calculated 
by Hamrick & Godt (1989) for wind-pollinated, outcrossed species and the genetic 
differentiation was about half of that calculated for wind-pollinated, outcrossed 
species (Hamrick & Godt, 1989). 
This lack of conformation to the generalisation about the degree of genetic diversity 
based on species' breeding system emphasises other factors' influence on species' 
genetic variation. Therefore, the results from section 6.3.1. to this section suggest 
that the species' traits considered in these sections do not account for a large 
proportion of the genetic variation detected in M. sharpii and M. schiedeana in this 
isozyme study. Other factors, such as the ecological and evolutionary history of these 
species, must be important determinants of their genetic variation. 
6.3.4.2. Inferring a Species' Breeding System from 
Genetic Data 
Knowledge of a species' mating system and the degree of gene flow between its 
populations are important in the development of effective conservation strategies for 
plants as these factors are important determinants of the effective population size 
(Hall et al., 1996). Insight into a species' mating system can be gained by 
considering the deviation of populations from HWE and populations' inbreeding 
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coefficient (Fis). Furthermore, the relative rate of gene flow by pollen and seeds can 
be estimated by comparing the relative genetic differentiation between differently 
inherited markers. 
6.3.4.2.1. Deviations from HWE and the 
Inbreeding Coefficient 
The chi-square test for Hardy Weinberg equilibrium (HWE) identified those loci 
whose genotype frequencies significantly deviated (P < 0.05) from those expected 
under FIWE. Wright's (1978) fixation index (Fis) provided a quantitative measure of 
the direction and the extent of these significant divergences from HWE. Populations 
1 to 6 at the 6PGD-1 locus showed the highest deviations from HWE. At this locus, 
the M. sharpii populations had a heterozygote excess while M. schiedeana's 
populations showed a heterozygote deficit. The remaining loci displayed smaller 
deviations for each population. The SDH-1 locus always gave a negative Fis value 
but the PGI-1 and AAT-1 loci showed a combination of both negative and positive 
values within both species. The lack of positive Fis values that were found to 
statistically deviate from HWE expectations provides little evidence to suggest that 
inbreeding is a serious problem for these species' conservation. In fact, in many 
cases the heterozygote was in excess of that expected under HWE, rather than a 
deficit as would be expected if inbreeding was occurring. This heterozygote excess 
may be caused by any one, or a combination, of these factors: 
• An unrepresentative sample 
• Random error 
• Selection of heterozygotes 
• Methodology: 
Difficulty in interpreting the gel banding patterns could have resulted in biased 
results. The most negative Fis values were those obtained for M. sharpii at the 
6PGD locus, were it was found to significantly deviate from HWE. In 
addition, this locus was found to be significantly homozygous deficient in M. 
schiedeana populations. Controlled crosses would have helped the 
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interpretation of this enzyme system by determining its inheritance and linkage. 
Interestingly, Parks & Wendel (1990) determined that the enzyme systems used 
in this study behaved as genetic loci that displayed simple codominant 
inheritance of enzyme traits in Liriodendron (Magnoliaceae), except for 6PGD, 
where difficulties in resolution of the enzyme system were encountered. Parks 
& Wendel (1990) found that the 6PGD patterns may have been explained by 
three highly similar mobilities but attempts to resolve these loci were 
unsuccessful. In light of this data, it was thought prudent to exclude the 6PGD 
locus from analysis of genetic differentiation, as it was thought to be a potential 
source of bias. 
Clonal growth in the populations would introduce bias into the data analysis. 
Sampling of heterozygote clones could result in an excess of heterozygotes. 
A further indication of clonal growth in the Magnolia populations studied was the 
significant values (P < 0.05) of linkage disequilibrium for populations 1 and 3. 
Sampling of clones could result in particular combinations of alleles being repeatedly 
sampled. However, other factors may also account for the linkage disequilibrium 
detected, such as inbreeding, although there is little evidence of this based on Fis 
values, random error or a population having been founded from two or more sources, 
such that a mixture of genotypes of different frequencies makes up one population. 
6.3.4.2.2. Comparison of the Level of Genetic 
Differentiation Detected by the Isozyme Analysis 
and the RFLP Analysis of cpDNA PCR Product 
Fst is diversity independent, being defined as a ratio of gene diversities. Therefore, 
measurements of genetic differentiation obtained with different (neutral) genetic 
markers, such as isozymes and cpDNA polymorphisms, are expected to give 
comparable values for differentiation regardless of their level of variability. As a 
result, the relative influence of seed and pollen dispersal in total gene flow can be 
evaluated by contrasting the spatial distribution of differently inherited markers 
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(Ennos, 1994). In angiosperms, pollen flow can be inferred from a combination of 
nuclear and organelle genomes, and seed flow from cpDNA. If a set of assumptions 
are met, Fst is predicted to relate to the amount of gene flow among populations 
(Wright, 1951). Therefore, the pollen/seed migration ratio can be calculated. Figure 
37 compares the genetic differentiation for isozymes and cpDNA markers that have 
been found in some forest tree species. The ratio of pollen flow: seed flow is 
expected to be higher in wind-pollinated outcrossing species and lower in seWing 
plants. Based on figure 37, the genetic differentiation obtained from the isozyme 
analysis is intermediate in value. In addition, the high level of genetic differentiation 
seen between the cpDNA of M. schiedeana's population 6 and that of populations 5 
and 7 indicates that these species may show an intermediate ratio of pollen to seed 
flow based on figure 37. This would be as expected for a mixed animal breeding 
system. An expanded data set for these two marker systems would enable an 
accurate estimate of the relative rates of pollen and seed flow to be made. Such 
information could then be incorporated into assessing the genetic implications of the 
species fragmented distributions. 
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Figure 37: Comparison of genetic differentiation for nuclear (isozymes) and maternally inherited chloroplast 
markers in forest tree species 
Species 	Reference 
Argania spinosa 	El Mousadik & Petit (1996b) 
Eucalyptus nitens Moran (1992) 
Fagus sylvatica 	Comps et al. (1990) 
Quercus pet raea 	Zanetto ci' al. (1994) 
Quercus robur 	Zanetto et al. (1994) 
Key 
MP 	= Pollen flow 
rns = Seed flow 
Gst 	= Nuclear genetic differentiation 
Gstc = Chioroplast genetic differentiation 
Gst (%) Reference 	 Gst (%) M IJMS 
25 El Mousadik & Petit (1996a) 60 2.5 
30 Byrne & Moran (1994) 62 1.8 
5.4 Demesure ci' al. (1996) 83 84 
2.4 Petit etal. (1993) 90 500 
3.2 Petit ci at. (1993) 92 286 
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7. Conclusion and Future Direction of Research 
This project aimed to contribute to the conservation of Magnolia sharpii and 
Magnolia schiedeana by assessing the extent and structure of their genetic variation. 
Genetic variation was assessed in four populations of M. sharpii and three 
populations of M. schiedeana using RFLP analysis of cpDNA PCR products and 
isozyme analysis. The cpDNA study detected five intraspecific cpDNA 
polymorphisms within the wider ranging species, M. schiedeana. However, no 
intraspecific cpDNA variation was found within the more geographically restricted 
M. sharpii. The relatively high values of species' genetic diversity (He = 0.48 and 
0.42 for M. sharpii and M. schiedeana, respectively) and the relatively low values of 
genetic differentiation (Fst = 0.061 and 0.042 for M. sharpii and M. schiedeana, 
respectively) obtained from the isozyme study suggest that genetic drift has not 
resulted in the loss of high amounts of genetic variation and has not highly 
differentiated the sampled populations within the species. Therefore, these 
populations do not appear to have been genetically isolated. In addition, the 
inbreeding coefficient provides little evidence to suggest that inbreeding is a serious 
problem for these species' conservation. 
The information gathered by this study can be used to evaluate the genetic 
implications of their fragmented distributions. It can aid in the development of 
strategies for these species' effective conservation. For example, the patterns of 
differentiation among populations detected by the cpDNA analysis and the isozyme 
analysis can indicate candidates for conservation, such as population 6, with its 
distinctive cpDNA haplotype differentiating it from the other M. schiedeana 
populations. It can also aid in assessing the implications of germplasm transfer 
between populations and to new sites for restoration. The results can aid 
conservation decisions by identifying conservation priorities and, thus, help to 
channel limited resources towards high conservation priorities. 
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Furthermore, this project has established a baseline for future monitoring. As well as 
gaining a better understanding of the processes influencing the viability of small, 
isolated populations and quantifying the future human impacts in M. sharpii and M. 
schiedeana, the monitoring of population trends and status produces important 
information for the characterisation of threat status (IUCN, 1995). Such quantitative 
data provides a formalised objective assessment procedure that is repeatable, 
comparable and consistent (Stork & Samways, 1995). 
In addition, the genetic survey carried out in this study forms a basis for further 
research into genetic variation in these species. For example, the database could be 
expanded with data from other kinds of genetic variation surveys, such as RAPDs 
and quantitative genetic variation. Incongruence is often found between a species' 
genetic structure measured using different genetic marker systems. Therefore, when 
assessing genetic variation within a species, it is perhaps best to include data from as 
wide a range of genetic markers as possible to form a more complete picture of 
genetic variation and its distribution within a species. This would enable better 
informed genetic conservation decisions to be made. 
Strategies towards species' conservation based on genetic information complement 
but do not substitute for ecosystem conservation, which focuses at the level of the 
community rather than the distribution of species' genetic diversity within and 
between its populations. At present, very little is known about the ecology of M. 
sharpii and M. schiedeana. The increasing pressure on the few remaining 
populations indicates that ecological and demographic factors may be of more 
immediate importance in determining the extinction risk of these species than genetic 
factors. Therefore, research into these aspects must also be initiated. Such data 
could be combined with genetic data to assess population viability. 
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9. Appendices 
Appendix 1: Glossary of chemicals abbreviated in 
section 4.2. 
AMPS Ammonium persuiphate (10%) 
BSA Acetylated bovine serum albumin 
CTAB Hexadecyl trirnethyl ammonium bromide 
DNA Deoxyribonucleic acid 
dNTP Deoxynucleoside triphosphate 
EDTA Ethylenediaminetetraacetic acid 
HCI Hydrochloric acid 
H20 Water 
LiOH Lithium hydroxide 
M902 Magnesium chloride 
MiT 3-(4, 5-dimethyithi azol-2-yl)-2, 5 -diphenyl-tetrazolium bromide 
NaCl Sodium chloride 
NAD 3-Nicotinamide adenine dinucleotide 
NADP t3-Nicotinamide adenine dinucleotide phosphate 
NaOH Sodium acetate 
NBT Nitro blue terazolium 
PEG 8000 Polyethylene glycol (average molecular weight: 8000) 
PMS Phenazine methosuiphate 
TE buffer Tns-EDTA buffer 
TEMED N, N, N', N'-Tetramethylethylenediamine 
Tris Tns [hydroxymethyl]aminomethane 
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Appendix 2: Magnolia sharpii and Mignolia schiedeana sample site details (A) 
Site Site name Date Frag. Approx. Vegetation Geology(a) Dominant Total precipitation (mm) (a) Mean max.&min. temp.(oC) (a) Geographical Altitude Municipality Economic 
no. collected no. size (ha) type (a) (b) soil type (a) Nov.-Apr. May.-Oct. Nov,Dec,Jan May,Jun,Jul coordinates (lat. long.) (m)  region 
1 Bazom 20 03 98 BPE Palaeocene, sedimentary & volcano-sedimentary assoc. acosol-humico 350-400 1200-1400 18-21/6-9 21-24/12-9  Huixtan Altos 
4 1604472'N, 92028'58W 2490 
2 6 
__.j 1604440"N, 92 029'40'W  
2 Achlum 21 03 98 4 BPE Cretaceous superior, sedimentary & volcano-sedimentai luvisol-cromico 400-500 1200-1400 18-21/6-9 21-24/12-9 16-46'58"N, 92 -27 - 25"W 2400 Tenejapa Altos 
3 El Retiro 220398 BPE Cretaceous superior, sedimentary & volcano-sedimentar luvisol-cromico 400-500 1200-1400 18-21/6-9 21-24/12-9 Tenejapa Altos 
1 6 16°49'11"N,92°29'11"W 2073 
2 4 16°48'66"N, 92°27'98"W 2010 
3 2 16048'84'N, 92 027'80'W 
4 16°49'22°N, 92 028'45'W 
1604914'N, 92 02868'W  
4 Yerbabeuna 28 03 98 150 BMM Palaeocene, sedimentary & volcano-sedimentary assoc. luvisol-cromico 700-800 1700-2000 18-21/9-12 24-27/15-12 171 1 SON, 92°5379W 2120 Pueblo Neuvo Norte 
Solistahuacan 
5 Banderilla 300398 - 51  Quartemary, extrusive igneous rock, basic andosol-humico 350-400  18-21/9-12  19°3497"N, 96°5680'W 1520 Bandenlla  




7 Acatlan 1 	0104981 5 BMtvI Quarternary, extrusive igneous rock, basic andosol-humico 300-400  18-21/6-12  19°4078"N, 96°51'20'W I 	1810 Acatlan  
data from maps (scale 1:250 000) elaborated by Instituto Na cional de Estadistica, Geografia e Informatica (INEGI). Other data gathered from the field (see section 4.1 .4.). 
BPE = pine-oak forest; BMM = bosque mesofilo de montan a; 
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Appendix 3: Magnolia sharpii and Magnolia schiedeana samplesite details (B) 
Site Site name Frag. Associated species (dominant tree species) Relative abundance of Magnolia Human impact 
no. no. & Magnolia pop.n size estimate 
1 Bazom Quercus laurina Humb., Rapaneajeurgensenil Mez., Quercus crassifo/ja H.. < site 4, > site 2 & 3: -400 trees 45 fragments over a few km (total fragment area <20ha), 
Pinus oocarpa var. ochoterenai Martinez, Pinus pseudostrobus Lindi . , surrounded by milpa cultivation. Recent felling adjacent to 
Ternstroemia pringlei Rose, Cleyera theaoides , Persea americana fragment 1. 
(unpublished data, M. Gonzalez-Espinosa) 
1 Quercus laurina Humb. (D), Quercus rugosa Nee(D), 
Persea Americana Mill., Abies guatemalensis Rehd. 
2 Pinus oocarpa Schiede., Pinus pseudostrobus Lindl. < fragment 1 > fragment 1 
3  <fragment 1, > fragment 2 < fragment 2, > fragment I 
2 Achlum Quercus laurina Humb. (D), Abies guatemalensis Rehd., < site 4 & 1, > site 3: -300 trees Fragment split by new road (2yrs old): one side heavily 
Podocarpus Matudai Lund., C!eyera theaoides, Clerhra macrophylla , perturbed, secondary forest with rel. open canopy; milpa 
Oreopanax x.alapensis, Cornus disciflora DC, Quercus benthamii, cultivated —30 years ago; partly felled for milpa recently - 
Pinus montezurnae Lamb. shifting cultivation practiced. Other side not used for 
_______________________________ cultivation but timber extraction evident. 
3 El Retiro Very discontinuous fragments spread over a few km. 
1 Pinus oocarpa var. ochoterenai Martinez, Quercus crassiflora H., < site 2, 3 & 4: -200 trees Secondary forest, milpa cultivated 30-35 yrs ago, community 
Cornus disciflora DC., Cleyera theaoides, Liquidambar styraciflua L., owned, surrounded by forest that is more open, perturbed, 
Alnus acuminafa ssp. arguta (SchI.) Spach., Myrica cer(fera L. younger and that is surrounded by milpa fields. Partly felled 
recently. 
2 Quercus crassfo1ia H. (D), Liquidambar styraciflua L. (D), < fragment 1 < fragment 1, not used for cultivation but timber extraction 
Nyssa sylvatica Marsh. (D), Oreopanax xalapensis evident. Gradation out from this most mature site to secondary 
forest and milpa fields. 
3 < fragment 2 > fragments 1 & 2 
4 < fragment 2 > fragments 1 & 2 
51 < fragment 2 > fragments 1 & 2 
4 Yerbabeuna Quercus benghamii, Persea schiedeana Nees., > site 1, 2 & 3: -500 trees Part of official reserve which has been invaded by a 
Podocarpus rnarudai Lund.,Cornus discflora DC., community. The school has the land rites and prohibits tree 
Nyssa sylvatica Marsh., Liquidainbar styracijlua L., cutting 'from where the water comes from' - the sampled 
Rhamnus caprfloria, C!eyera theaoides, Oreopanax xalapensis fragment. It has strong spiritual/religious connections. 
The fragment has not been perturbed but is surrounded by 
a milpa cultivated area -.5yrs old. 
5 Banderilla Quercus leiophylla, Quercus xalapensis 1-lumb., Turpinis insignis, < site6, > site 7: -200 trees Timber extraction evident. Surrounded by Rancho La Mesa, 
Clethra mexicana, Carpinus caroliniana Welt., Liquidambar syraczflua L., a dairy ranch. Magnolia is even-aged, rel. young and small. 
Styrax xa1apezsis, Oreopana.x xalapensis (unpub. data, G. Williams-Linera) 
Quercus gernana 
6 Acajete Fagus grandiflora var. nzexicana Martinez, Quercus laurina Humb. (D), > site 5 & 7: -300 trees Fragments run along a very steep slope. First fragment is in 
Miconia glaberrinza, Liquidambar styraciflua var. mexicana, ranch, Rincon de Sedeno in Mesa de la yerba, the others are 
Helecho arborescenre, Ternstroemia sylvatica SchI., Vaccinium leucanthum in other ranches. Interspersed by cattle pasture where the 
(unpublished data, G. Williams-Linera) 
Dryrnis granadensis L., Rhamnus caprifolia, Weinmannja pinnata L. slope is less steep. Timber extraction evident. Magnolia has 
7 Acatlan Fagus grandiflora var. mexicana Martinez, Podocarpus ,natudaj Lund., <site 5 & 6: -.50 trees 
uneven age structure. 
Magnolia found in Fagus dominant patch (1-2ha) on slope into 
Carpinus caroliniana Welt., hex tolucana . Persea americana, crater. Fagus even aged. Magnolia even-aged like site 5. 
Turpinia insignis (Alvarez-Aquino, 1997) Possible single disturbance event in past? Remaining area is 
more scrubby, dry and has a more open canopy. 
Clethra macrophylla, Quercus germania Timber extraction evident. 
a. at, in,,.. I a.nJ ,a,Ia,..,a tJUnt..I WV 13L at- IWIIUW ICUCU. 
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Appendix 4 & 5: in the folder attached to the back of this volume 
Appendix 6: Stock DNA samples' concentrations and 
dilutions 
DNA sample DNA concentration (ug/mi) Dilution to approx. 25ng/ul in lx TE (1:X 
1.1 1430 60 
1.2 1234 50 
1.3 840 35 
1.4 1178 45 
2.1 1050 40 
2.2 775 30 
2.3 488 20 
2.4 802 30 
3.1 942 40 
3.2 445 20 
3.3 727 30 
3.4 316 15 
4.1 657 25 
4.2 704 30 
4.3 1242 50 
4.4 1083 45 
5.1 1226 50 
5.2 540 20 
5.3 1060 40 
5.4 926 35 
6.1 530 20 
6.2 918 35 
6.3 480 20 
6.4 1100 45 
7.1 835 35 
7.2 1177 45 
7.3 899 35 
7.4 725 30 
M. grandiflora 965 25 
M. dealbata 756 30 
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No. of restriction sites (approx. size of fragments produced [bp]) 
Fragment cd (590'600bp) 	 Fragment ef (450bp) 
Alu I A(i/Cf 1(410/420. ISO) 2 (330. 100.20) 
cjoI Gui/C 0 0 
Hoe 111 IGGICC 0 1(420. 30) 
Hi,(1 GJANTC n(160, 100, 80 + at least 6 < 75) 3 (210, 105, 120, 15) 
Hpa 11 C/COG 0 0 
Hsp92 11 CATG/ 1 (490(500, 100) 10 
R.m I GT/AC 1(310/320. 280) 1(270, 180) 






No, of restriction sites (approx. size of fragments produced [bpl) 
Fragment A (1700bp) 	 Fragment B (-2300bp) 
A/u I AG/CF n (510, 470. 190, ISO. ± n smaller) incs. 1(2000. 320) 
Cf. I GCG/C 2 (960. 460, 280) incs.l (1950. 350) 
Hae III IGGCC 1(970. 630) incs.2 (1750, 340,320) 
(i/ANTC n (510. 360, 260, 240, 170 + n smaller) ncs. 	(450, 410, 340, 220, 190, 185, 170, 140, 120) 
C/COG 0 ncs.2 (1300, 600, 260) 
UI 
CATG/ n (400, 260, 180 + n smaller) ncs.5 (800, 600, 350, 220, 200, 140) 
01/AC 3(710,450, 370, 170) ncs.3 (1500, 350, 320, 140) 






No. of restriction sites (approx. size of fragments produced [bp]) 
Fragment E (I 800bp) 	 Fragment H (1 700bp) 
Alu I AG/CF n (420, 350, 300 + n smaller) n (ines. 550/520) 
Cf. I GCG'C n(650, 460, 320, 310+ n smaller) 0 
Hae Ill GO/CC n(700. 480,300+ n smaller) n(1000, 480/510± n <75) 
H/of I GJANTC n (480, 350, 340, 240, 110, 80, 70 + n <75) n (460, 350/320, 120, 90 + n <75) 
Hp. II CJCGG n (520, 310, 240 + n smaller) n (450/550, 260, 190, 160, 100+n<75) 
thp9211 CATG/ n(500,370, 330, 140 + n smaller) n(1600+n<75) 
Rsa I GT/AC 2(1350.280, 190) 2(1250. 340/370, 60) 
Taq I T/CGA 1(1430, 370) n (800. 730(700 + n<75) 
Key and notes 
/ = RFLP 
n = an undefined number of sites/bands. This is where there were small bands, usually less than 75bp, 
that could not be accurately defined due to very low band intensity being hidden by background noise. 
incs. = indicates that a digest included those sites and fragments that are stated but recognises the 
possibility of their being more indistinguishable smaller fragments. This applies to digests of fragment 
B, which was so large that the size estimate was to within 200 bases. This undefined total size made it 
difficult to ascertain identification of all fragments. 
Sizes from 1000-2000 bases are estimated to within one hundred bases, from 500-1000 to within 50 
bases and <500 to within 10 bases. Extrapolation beyond the smallest marker, 75 bases, needs to be 
treated with caution. 
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Appendix 8: Partial nucleotide sequences of the trnL (UAA) 
intron in M. schiedeana, M. sharpii, 
M. grandiflora and M. dealbata 
(a): Forward sequence 
Cong# I G G T AT N ' 	T N T CC A A AT C A GA N N A A AL ti 	 CC T U (i GA AT 
mdlt.seq 
md2t.seq 	........................- 	........... 
mglt.seq 
mg2t.seq 	...............................- 	. 
msclt.seq .........................A ........ 
mshlt.seq 	.......- - 	. . T . . C - C - . . . U 	A . . . 	- . 
msh2i.seq 	.................- 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	T 





mg2t.seq 	...................- 	................ 
msclf.seq 
mshlt seq 	. 	. 	. 	. 	. 	. 	T - 	. 	A ..........- 	. 	. - 	.......... 
msh2t.seq 	...................- 	................ 
	
130 	 140 	 150 	 160 
Contig#1 TCA6AAAACAAGG6TTCAGAANALCGGGAATCALAA 
mdlt.seq 	..................................U U 




mshlf.seq 	.....................- 	............... 
msh2t.seq 
170 	 t0 	 190 
I I I 
Contig# I A A U U A T A G U T U C A U A N N A C T C A A T G U I A A U C T U T I 
mdlt.seq 	U ............- 	...........T ....... 
md2t.seq U ...........- 	.....- 	. 	. 	- 	.....- 	..... 
mglt.seq 	......................- 	. 	. 	- 	........ 
mg2t.seq ..........................- 	........ 
msclt.seq 
msh lf.seq 
msh2i.seq 	........................... 	. 	. 	. 	- 
200 	 210 	 220 	 230 
Contig# I C T A C A A A T U G N G T T U A C I U C L T I 	G U I N A U A 6 U A A 
mdlf.seq 	......- 	- 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	T - 	 - 	........ 
md2[.seq ...................... - 	- 
mglf.seq 
mg2t.seq 	.............................- 	...... 
msclf.seq 	..............................- 	..... 
mshlt.seq 
msh2l.seq 
240 	 250 	 260 
Contig# I T C U A A I L C T T C T A I C U k A A N N T A C A U A A A A N U A T 
mdlt.seq 	.........- 	........- 	........ 	TI... 	- 
md2t.seq .. 	- . 	T .................I 	- 	. 	. 	I- 
mglt.seq 	........................- 	......... 
mg2f.seq .......................- 	......... 
msclt.seq 
mshlt.seq 	........................- 	......... 
msh2t.seq 	.........................- 	........ 
270 
Contig#1 UACCC 
mdlt.seq 	- - 
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(b): Reverse sequence 




mglr.seq 	................- 	........................... 
mg2r.seq 	...........................- 	................ 
msc2r.seq 	.........- 	......- 	........................ 
mshlr.seq 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	T C . 	C . 	- . 	A . 	. 	. 	- .....- 	..........- . 
msbzr.seq 	..........TC. AC. . A. . . - .....- CAT - ............ 
100 	 110 	 120 	 130 




mdlr.seq .......................- - .................. 
md2r.seq 
mglr.seq 	......................I ..................... 
mg2r.seq 	.......................- 	. 	- 	.................. 
msc2r.seq 	............................................ 
mshlr.scq 	.........- 	- 	. 	- 	..........- 	. 	- 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	A 
msh2r.seq 	.........- 	. 	. 	- 	. 	- 	........- 	. 	- 	.....- 	............ 
140 	 150 	 160 	 170 	 180 
Contig#2 TACAAACTCGG6AOTGAATGATTGATCACTGAATATTCGATT 
mdlr.seq 
md2r.seq 	.....- 	................................. 
mglr.seq 	...........................................- 
mg2r.seq 
msc2r.seq 	.............................- 	.............. 
mshlr.seq 	..............- 	.................... 
nish2r.seq 	...........................................- 






msc2r.seq 	................................- 	. 	- 	C. ...... - 
msb I r.seq 	........................- 	................... 
msh2r.seq 	...................- 	.................... 
230 	 240 	 250 	 260 
Contig#2 CATAAAAAAAATALGGATTCGAGCGTGATTAATTATTTGA 
mdlr.seq 	.....................- 	.................... 
md2r.seq 	.....................- 	.................... 
mglr.scq 	.....................- 	.................... 
mg2r.seq 
msc2r.seq 	.....................- 	........- 	.....- 	- 
mshlr.seq 	.......................- 	.................. 
msh2r.seq 	.......................................... 
270 	 280 	 290 	 300 	 310 
Contig#2 TATTGAGTATGATACGTACGcATACAGGGT CI ATCTNTTCTGT 
mdlr.seq 	.......................- 	............. 	. 	. 	. 
md2r,seq 	...................- 	........................ 
mglr.seq 	.................................- 	. 	. 	. 	- 	. 	- 	. 
mg2r.seq 	.................- 	. - 	. 	. 	. 	- 	...... 
msc2r.seq 	- 	. 	C 	- 	 - 	- - .........- 	. 	. 	- . 	. . 	- - ..... 
mshlr.seq 	............................................ 
msh2r.seq 	......- 	................... - 	. 
320 	 330 	 340 
Contig#2 ANTTTCGAAGNAAGGATLCAATTCCTCNACAA 
mdlr.seq 	..............- 	..... 	- 	.......... 
md2r.seq 	......................- 	........T 
mglr.seq 	..............- 	...............- 	- 
mg2r.seq 	..............- 	.....- 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	T 
msc2r.seq 	.......... A .........- - . - - . - 
msh lr.seq 	..............................- 
msh2r.seq 	.......................- 	......- 
Key 
contig. #1/2 = consensus sequence 1(forward)/2(reverse); md, mg, msc, msh.seq. = M.dealbata, 
M.grandiflora, M.schiedeana and M.sharpii sequences, resp.; lf.seq. & 2f.seq. = sample no.1 & 2 
forward sequence, resp.; lrseq. & 2rseq. = sample no.1 & 2 reverse sequence, resp.; A,T,C,G = 
nucleotides; N = nucleotide not known in consensus sequence; = nucleotide same as consensus 
sequence; - = nucleotide not known in sample. 
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Appendix 9: Genotypes at each isozyme locus studied 
Sample number 	 Genotype at locus 
(site no.. individual no.) IPGI-I I6PGD-1 SDH-1 IAAT-1 
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Key 
a = Fast allele 
b = Slow allele 
NB. The subsample used in the cpDNA study was selected at random from this sample population. 
The sample numbers do not correspond, for example, 1.1 in the cpDNA study was the first randomly 
picked individual from population 1, which was not necessarily sample 1.1 from the overall collection. 
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Appendix 10:Chi-square test for Hardy-Weinberg 
equilibrium for each population at each locus 
Population 1 
LOCUS PCi!- I 
Genotypes Obs. (0) Exp. (F) (O-E)/E 
(A, A) 5 4.8 0.0083 
(B, A) 6 6.4 0.0250 
(B, B) 2 1.8 0.0222 
('hi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 0.055556 
Degree of freedom: 	1 
Probability: 	 0.813664 
Locus 6PGD- I 
Genotypes Ohs. (0) Exp. (E) (O-E) 21E 
(A, A) 4 7.56 1.6751 
(13, A) 18 10.88 4.6530 
(13, B) 0 3.56 3.5581 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 9.886154 
Degree of freedom: 	1 
Probability: 	 0.001665 
Locus SDH-1 
Genotypes Ohs. (0) Exp. (E) (O-E) 21E 
(A. A) 6 7.24 0.2 128 
(13, A) 9 6.52 0.9458 
(13, B) 0 1.24 1.2414 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 2.400000 
Degree of freedom: 	1 
Probability: 	 0.121335 
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Locus AAT-1 
Genotypes Obs. (0) Exp. (E) (O-E)21E 
A) 2 1.47 0.1939 
A) 8 9.07 0.1255 
(B, B) 13 12.47 0.0228 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 0.342246 
Degree of freedom: 	1 
Probability: 	 0.558536 
Population 2 
Locus P(uI- 1 
Genotypes Obs. (0) Exp. (E) (0-E) 21E 
A) 5 3.22 0.9835 
A) 10 13.56 0.9343 
(B, B) 15 1122 0.2396 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 2.157389 
Degree of freedom: 	1 
Probability: 	 0.141886 
Locus 6PGD- 1 
Genotypes Obs. (0) Exp. (E) (0-E)21E 
A) 0 5.12 5.1220 
(13, A) 21 10.76 9.7561 
B) 0 5.12 5.1220 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 20.000000 
Degree of freedom: 	1 
Probability: 	 0.000008 
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LOCUS SDI - 1 
Genotypes Obs. (0) Exp. (E) (0-E)21E 
A) 11 12.14 0.1076 
A) 13 10.71 0.4876 
(B, B) 1 2.14 0.6095 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 1.204706 
Degree of freedom: 	1 
Probability: 	 0.272383 
LOCUS AAT- I 
Genotypes Obs. (0) Exp. (E) (O-E)2/E 
(A, A) 5 3.82 0.3658 
(13, A) 11 13.36 0.4181 
(13, B) 12 10.82 0.1291 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 0.9 12965 
Degree of freedom: 
Probability: 	 0.339329 
Population 3 
Locus PGI- I 
Genotypes Obs. (0) Exp. (E) (0-E) 21E 
(A, A) 2 3.80 0.8526 
(13, A) 15 11.40 1.1368 
(13, B) 6 7.80 0.4154 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 2.404858 
Degree of freedom: 	1 
Probability: 	 0.120959 
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Locus 6PGD-1 
Genotypes Obs. (0) Exp. (E) (O-E)21E 
(A. A) 2 7.91 4.41 
(B, A) 26 14.18 9.85 
(B, B) 0 5.91 5.91 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 20.172414 
Degree of freedom: 	1 
Probability: 	 0.000007 
LOCUS SDH- 1 
Genotypes Obs. (0) Exp. (E) (O-E)21E 
A) 6 9.26 1.1450 
A) 18 11.49 3.6894 
(B, B) 0 3.26 3.2553 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 8.089655 
Degree of freedom: 	1 
Probability: 	 0.004452 
'Ci AAT- I 
Genotypes Ohs. (0) Exp. (E) (0-E) 2[E 
A) 9 11.89 0.7011 
A) 18 12.23 2.7264 
(B, B) 0 2.89 2.8868 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 6.314286 
Degree of freedom: 	1 
Probability: 	 0.011977 
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Population 4 
Locus PGI-1 
Genotypes Obs. (0) Exp. (E) (0-E) 21E 
A) 4 3.18 0.2104 
(13, A) 7 8.64 0.3100 
B) 6 5.18 0.1292 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 0.649624 
Degree of freedom: 	1 
Probability: 	 0.420247 
Locus 6PGD-1 
Genotypes Obs. (0) Exp. (E) (0-E) 2(E 
A) 3 5.7576 1.3207 
A) 14 8.4848 3.5848 
(B, B) 0 2.7576 2.7576 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 7.663158 
Degree of freedom: 	1 
Probability: 	 0.005636 
Locus SDI-1-1 
Genotypes Obs. (0) Exp. (E) (O-E)2/E 
(A. A) 3 3.27 0.0227 
(13, A) 3 2.45 0.1212 
(B, B) 0 0.27 0.2727 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 0.4 16667 
Degree of freedom: 	1 
Probability: 	 0.518605 
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Locus AAT- I 
Genotypes Obs. (0) Exp. (E) (O-E)21E 
A) 8 7.89 0.0017 
A) 8 8.23 0.0063 
(B, B) 2 1,89 0.0069 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 0.014932 
Degree of freedom: 
Probability: 	 0.902744 
Population 5 
!J)CU. PG! 1 
Genotypes Obs. (0) Exp. (E) (O-E)21E 
(A, A) 13 14.72 0.2003 
(13, A) 14 10.57 1.1160 
(B, B) 0 1.72 1.7170 
Chi-square test tor Hardy-Weinberg equilibrium: 
Chi-square: 	 3.033333 
Degree of freedom: 	1 
Probability: 	 0.081570 
!,lc Pflfl_ 1 
Genotypes Obs. (0) Exp. (E) (0-E)fE 
A li 5 1.72 62774 
A) 4 10.57 4.0803 
(B, B) 18 14.72 0.7324 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 11.090110 
Degree of freedom: 	1 
Probability: 	 0.000868 
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Locus SDH-1 
Genotypes Obs. (0) Exp. (E) (O-E)21E 
A) 11 12.66 0.2176 
A) 13 9.68 1.1380 
(B, B) 0 1.66 1.6596 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 3.015126 
Degree of freedom: 	1 
Probability: 	 0.082491 
LOCUS AAT- I 
Genotypes Obs. (0) Exp. (E) (O-E)21E 
A) 16 16.78 0.0362 
A) 13 11.44 0.2125 
(B, B) 1 1 	1.78 0.3416 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 0.590322 
Degree of freedom: 	1 
Probability: 	 0.442295 
Population 6 
oc , 
Genotypes Obs. (0) Exp. (E) (O-E)-/F 
(A. A) 14 12.11 0.2953 
(B, A) 9 12.78 1.1189 
(B, B) 5 3.11 1.1500 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 2.564248 
Degree of freedom: 	1 
Probability: 	 0.109304 
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Locus 6PGD- 1 
Genotypes Ohs. (0) Exp. (E) (0-E)21E 
A) 25 24.06 0.0370 
(13, A) 1 2.89 1.2332 
B) 1 0.06 15.7233 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 16.993464 
Degree of freedom: 	1 
Probability: 	 0.000038 
Locus SDI I-1 
Genotypes Obs. (0) Exp. (E) (O-E) 21E 
A) 9 10.33 0.1720 
A) 13 10.33 0.6882 
(13, B) 1 2.33 0.7619 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 1.622 120 
Degree of freedom: 	1 
Probability: 	 0.202796 
Incus AAT- 
Genotypes Obs. (0) Exp. (E) (O-E) 2/E 
(A, A) 1$ 19.12 0.0655 
(13, A) 12 9.76 0.5127 
(13, B) to 1.12 1.1186 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 1.696809 
Degree of freedom: 	1 
Probability: 	 0.192706 
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Population 7 
Locus PGI- 
Genotypes Obs. (0) Exp. (E) (O-E) 2fE 
(A, A) 3 2.04 0.4552 
(B. A) 5 6.93 0.5356 
(13, B) 6 5.04 0.1841 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 1.174866 
Degree of freedom: 
Probability: 	 0.278404 
Locus 6PGD-1 
Genotypes 	1 Ohs. (0) Exp. (E) (O-E) 21E 
A) 20 19.53 0.0114 
(13, A) 6 6.94 0.1282 
B) 1 0.53 0.4212 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 0.560732 
Degree of freedom: 	1 
Probability: 	 0.453966 
Locus SDH- I 
Genotypes Ohs. (0) Exp. (E) (0-E) 2/E 
(A. A) 3 5.14 0.8878 
(B, A) 14 9.73 1.8742 
(B, B) 2 4.14 1.1025 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 3.864396 
Degree of freedom: 	1 
Probability: 	 0.049321 
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Locus AAT- 1 
Genotypes Obs. (0) Exp. (E) (O-E)21E 
A) 17 16.25 0.0351 
A) 8 9.51 0.2396 
(13, B) 2 1.25 0.4574 
Chi-square test for Hardy-Weinberg equilibrium: 
Chi-square: 	 0.7 32059 
Degree of freedom: 	1 
Probability: 	 0.392217 
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Appendix 4: Magnolia sharpii Miranda data based on herbarium records 
Collector Date Herbarium Collection Determined Habitat Vegetation Associated genera Locality Municipality 
Economic Geographical Altitude 
type (b) region 	







07338 A.Vázquez ND ND ND San Cristobal de Las Casas 
______________________ 
San Cristobide Las Casas Altos 164411 923801 2100 
F.Miranda ND MEXU 07801 A.J.Sharp ND ND ND N of Pueblo Neu vo Solistahuacan 
Pueblo Neuvo Solistahuacan Norte 	171020 925350 1800 
F.Miranda ND MIEXU 07895 F.liranda ND BN ND 3kfl E of Teneja pa 
Tenejapa Altos 164836 922856 2020 
T.MacDougall ND MIEXU 08212 FJvliranda ND BE Quercus The hill of San J uan Chamula Chamula 
Altos 	164801 924301 2200 
D.E.Breedlove ND CAS, MEXU 34845 ND Broad ridge BN Pinus, Quercus, Podocarpus Photinia, Third ridge alon g logging road from 
La Independencia Fronteriza 162930 914835 2300 
Olmediella Las Margaritas t o Campo Alegre 
D.E.Breedlove ND CAS, MEW 15201 ND Heavily wooded slope BN Quercus, Podocarpus, Abies Achium Tenejapa 









CAS, MEXU 15318 ND Steep heavily wooded slope BN Quercus, Drimys 
_______________________________ 
Matsab, NE side of hill called Matsab Tenejapa Altos 	164741 922746 2420  
D.E.Breedlove ND CAS, MEXU 49756 B.T.Keller 
on NE side of the hill 
ND BN Pinus, Quercus, Abies 
 ___________________ 
Achium Tenejapa Altos 	164621 922701 2400 
A.S.Ton ND CAS 02319 ND Moist heavily forested slope BN Abies, Podocarpus, Quercus Achium 
Tenejapa Altos 164621 922701 
171110    925410 
2400 
1800 
H.ZuilI ND CAS 00367 ND Winward side of NE facing slope BLM Podocarpus, Brunellia 3km NW of Pueblo Neuvo Solistahuacan 
Pueblo Neuvo Solistahuacan Norte 
in the vicinity or Clinica Yerba Buena 
H.ZuilI ND CAS 00421 ND ND BPE, BLM Podocarpus 3km NW of Pueblo Neuvo Solistahuacan 
Pueblo Neuvo Solistahuacan Norte 	171110    925410 1930 
in the vicinity of Clinica Yerba Buena  
D.E.Breedlove ND CAS 55557 B.T.Keller ND BN ND Banabil Tenejapa 
Altos 	164701 923051 2400 
& B.Bartholomew 
L.M.González et al. ND CAS 03932 Li.4.Gonzá1ez ND BMM Pinus, Quercus, Clethra, Vaccinium, 
__________________________________ 
Between Pueblo Neuvo Solistahuacan Pueblo Neuvo Solistahuacan Norte 	17 10 	9254 2000 
Hamelia, Chamaedorea and Yerbabuenz _______________________ 
E.W.Lathrop & R.F.Thorne ND CAS 07366 DE.Breedlove Winward side of NE facing slope BPEL Pinus, Quercus, Liguidambar 5km N of Puebl 	Neuvo Solistahuacan 
Pueblo Neuvo Solistahuacan Norte 	171 140 925500 1900 
D.E.BreedJove ND CAS 11098 ND Steep slope along the flyer ND ND Matsab, Barrio 1e Yashanal, along river Chik Ha' 
Tenejapa Altos 164651 922921 2400 
D.E.Breedlove ND CAS 21436 ND Steep slope BLM Magnolia, Ardisia, Quercus, Podocarpus, 12km N of Jitotol along a side road to 
Jitotol Norte 	170830 925310 1700 
& R.F.Thome Weinmannia, Engelhardtia an oil well ______________________ 
D.E.Breedlove 03 11 65 CAS, BNHM 14064 A. Vazquez Steep slope near crest of ridge 
_________ 
BE Quercus, Drimys Paraje of Banab ii Tenejapa Altos 	
164701923051     2400 
D.E.Breedlove 02 10 65 CAS, BNWVI 12702 A. Vazquez Steep slope along the river ND ND Rio Chik Ha', Paraje ofMatsab, Barrio of Yashanal 
Tenejapa Altos 164651 922921 2400 
D.E.Breedlove ND CAS 67197 D.E.Breedlove Slope ND Quercus, Cleyera, Symplocus, Clethra 5kn NW of Hui stan along road to 
Huistan Altos 	16441 1 922921 2350 
& M.Bourell  _________________________________ San Jose de Las Flores 
D.EBreedlove ND CAS 47849 B.T.Keller Broad ridge BN Pinus, Quercus, Magnolia, Podocarpus, Third ridge aloiig logging road from 
La Independencia Fronteriza 162930 914835 2300 
& F.Almeda Phorinia, Olmediella Las Margaritas to Campo Alegre 
D.E.Breedlove ND CAS 15401 ND Steep heavily wooded ridge BLM ND 12km N of Jitotol along a side road to 
Jitotol Norte 	170830 925310 1700 
an oil well  
D.E.Breedlove 30 09 65 CAS, BNHM 12458 A.Vazquez Steep slope BPEL Pinus, Quercus, Liguidambar Paraje of Matsab, Barrio ofTuk 




R.F.Thorne ND CAS 40261 ND Top of ridge ND ND Selva Negra, 5m N of Pueblo Neuvo 
Pueblo Neuvo Solistahuacan None 
& E.W.Lathrop 




PiflUS Quercus, Ostrya, Prunus, Magnolia 
Solistahuacan 
Chalam Tenejapa Altos 	165311 923231 1700 
A.Luna 0104 96 ECOSUR 00228 S.Ochoa ND ND ND Tenejapa 
Tenejapa Altos ND 2000 
& N.Ramirez  2450 
A.Chame & A.Luna 09 08 94 ECOSUR 00217 N.Ramirex ND BPE ND Rancho Merced Bazom 
Huixtan Altos 	164251 923635 
2450 
M.González et al. 19 11 88 ECOSUR 00608 P.F.Quintana ND BPE QuercUS, Oreopanax, Rapanea, Fuschia Rancho Merced Bazom 
Huixtan Altos 'TD 
A.J.Sharp et al. 24 12 62 BNT-iv1 00621 A.Vázquez ND BN ND Along trail to Simojovel above Pueblo 
Pueblo Neuvo Solistahuacan 	Norte 	ND 	 ND 
Neuvo Solistahuacan  
NB. All samples collected from the state of Chiapas 
ND = no data. (a): CAS = California Acaderriy of Sciences; MEXU = University of Mexico; ECOSUR = &osur, Chiapas; BNHM = British Natural History Museum. 
(b): BLM = montane rainforest; BPEL = pine-oak-liquidambar forest; BN =evergreen cloud forest; BE = oak forest; BPE = pine-oak forest; BMM = bosque mesofilo de montai a 
Appendix 5: Magnolia schiedeana Schidi. data based on herbarium records 
Collector Date 
collected  




Associated genera LoaUty 	 'MWI1CIalitY 
______________  
State Geographical 
coordinates (lat. Iong) 
Altitude 
(m) 
T).E.Breedlove ND CAS 065560 D.E.Breedlove Ridge E, BLM Quercu, Magnolia, Ilex Above El Rosario along road from Motozintla to Huixtia Motozintla Chiapas 151930 921730 170 
L.Ballesteros et al 08 04 80 XAL 000140 ND ND BC ND Agua de la Calabaza Huayacocotla Veracruz ND 175 
M.J.Sainz & G.Pena 17 08 84 XAL 000137 ND ND ND Croton, Conostegia, Ardisia, Piper, Eugenia, Picrania 1km SW of San Sebastian, Canada beside the stream Agua Sarca San Sebastian del W Jalisco ND 106 
E.Gonzdlez 14 08 89 XAL 000839 J.Redowski Slope on hill BCE ND 51an NE of Acatitlan de Zaragoza Landa Queretaro ND 190 
K.Taylor & M.Nee 27 01 84 XAL 000259 ND NW facing slope BC Podocarpus, Liquidambar, Quercus 17km NNE (by road) of centre ofHuayacocotla, along road 
to Zonte-comatlan, 3.2km NE of Agua de la Calabaza  
Huayacocotla Veracruz 2038 	9827 175 
G.Perez & L.Mendizabal 0208 90 XAL 000374 G.Perez ND BMM ND Rancho La Mesa, 1km from Banderilla Banderilla Veracruz 1935 	9658 160 
1.Ballesteros & H.Morales 1503 80 XAL 000110 L.Ballesteros ND BC Ligaida,nbar, Quercus Hehechales en ci salto Huayacocotla Veracruz ND 180 
M.Chazaro & L.Robles 0708 86 XAL 003839 M.Chazaro ND  BC  Camino de Herradura de Xico a Corral de Rajas Xico Veracruz ND 175 
C.Guiteiez 11 	7 _24 XAL C.Guiterrez Slope on mountain BC ND S of Bananca del Maiz 
Chiconguiaco Veracruz 1947 	9647 130 
C.Guiterrez _270390 XAL 
_ 
C.Guiterrez Slope on road BC ND Ls Capulines entre Paz de Enrigaez and Santa Rita Yecuatla Veracruz 1948 	9649 1500 
L.Ballesteros & HMorales 1805 80 XAL 
_ 
000217 I .Ballesteros & A.Vazguez ND  Liguidambar Agua de la Calabaza Huayacocofla Veracruz ND 1900 
H.Narave & M.Chazaro 2207 81 XAL 000054 H.Narave-F.& A.Vazquez ND  ND Rancho La Mesa, 2km NW of Banderilla Banderilla Veracruz 1936 	9657 1450 
I I.Calzada _200779 XAL M.Nee & A.Vazguez ND  N13 Agua de In Calabaza, carretera HuayacoctiaChicontepec uayacocotla Veracruz 2023 	9829 1800 
JI.Calzada 040478 
_ 
1 G.Castillo&A.Vazguez ND  BC  RanchoLaMartinica,5kmNofPuebledeBaflderilla Banderilla Veracruz 1935 	9657 1500 
L.Ballesteros & R.Jiminez 09 04 80 XAL 
_ 
000162 A.Vazguez ND  ND Elsalto, en las tres cascadas Huayacocotla Veracruz ND  _1500 
J.I.Calzada 17 07 79 XAL 005429 M.Nee & A.Vazguez ND  ND . Congregacion la Paz de Enriguez, carretera Naolinco-Misantla Yecuatla Veracruz 1948 	9649 1 500  
M.Chazaro 23 0478 XAL 000904 M.Chazaro&A.Vazguez ND  ND On the border of the crater hill of Acatlan ND Veracruz ND  
O.Perez&L.Mendizabel 2605 90 XAL 000340 G.Perez ND  ND Rancho La Mesa, lkm from Banderilla Banderilla Veracruz 1935 	9658 1600  
G.Castillo & F.Vazguez 10 04 81 XAL 001541 G.Castillo & A.Vazguez ND  ND Peak of the hill between the shaded and white earth Alto Lucero 1946 	9641 1700  
F.Vazguez 04 07 82 XAL 000615 A.Vazguez Onslope BC ND Rancho La Mesa Banderilla Veracruz ND  
A.Campos & R.Torres 30 03 91 XAL 003572 R.Torres ND BMM ND Recomdo al Cerro de In Pena Blanca, al SO de La Cumbreque 
esta a 13.5km al N de Gueva D.H. 
Gueva de Humbohit 
Dto. Tehuantepec  
Oaxaca ND 1300 
ND 
M.Chazaro et al. 110787 XAL 004879 M.Chazaro & P.Rernandez ND ND Quercu, Clethra, Prunus, Alnus, Magnolia Carretera Tesistan-San Cristobal de la BaiTanca, 
where the river crosses  
Zapopan Jalisco ND 1450 




R.Hernandez & J.Dorontes 
29 08 91 
13 05 91 
15 06 90 












M.E.Hemandez & A.Colmenares 
ND 
Slope on hill 






ND Recorrido al Cerro de In Pena Blanca, al SO de La Cumbreque 
esta a 13.5km al N de Gueva D.H. 
Gueva de Humbohit 
Dto. Tehuantepec  





4-5km a! poniente de In Parada 
4-5km al poniente de laParada 
Piletas cerca de Bandenlla 
La cima, plan delashayas 
















1600 2106 72 XAL 00154 M!{_riigiicicg  NP  BEL 	I Quercus, liquidambar, Magnoliq 
Coatepec Veracruz 1931 	9701 1550 H.Naraveetal. 
M.G.Zola et al. 
010483 












ND Piletas,2km antes dellegaraBanderillaporla 
a1Tetera Perote-Xalapa  
Peak of the hill between the shaded and white earth 
Sierra de Chicoquiaco, congregacion de la Paz de Enriquez, 













G.Castillo & F.Vazguez 100481 XAL 001570 fl.Castillo & A.Vazguez ND BC ND 
J.I.Calzada 06 03 80 XAL 005886 J.I.Calzada & A.Vazquez ND BC ND 
P,.Cedilloetal. 23 07 82 XAL 001662 A.Vazguez ND BMM ND 3kmNofMetates,carr.ValleNacional-Ixtlan ND ND ND 
ND 
G.Castillo et al. 0605 81 XAL 00170 (tCastillo & A.Vazguez ND BC ND The hill of Villa Rica, cerca de plan de Ia for Juchiquede Ferrer Veracruz 1948 	9646 1240 
M.G.Zola 19 07 76 xAL 000522 M.Hernandez & A.Vazguez ND BC ND 2km NE of Banderilla. Rancho la Mesa Panderilla Veracruz ND 1450 
M.Nee & K.Taylor 27 04 83 XAL 026877 M.Nee & A.Vazquez On slope BCE Magnolia, Podocarpus, Carpinits, Liquidambar, Quercus Along Huayacocotla-Zontecomatla road, between Barro Colorado 
and Tepozanes, 2km by road NE of Agua de la Calabaza 
and 5km by road SW of Zilacatipan 
Huayacocotla Veracruz 2038 	9827 
____________________ 
1800 
J.I.Calzada & C.Horvilz 18 03 76 XAL 002248 GIbarra & A,Vazguez ND  uercus, Randia, Clethra, Liguldambar The hill of Pueblo de Banderilla Bandenlla  Veracruz ND 1090 
L,Ballesteros & J,I.Calzada 05 06 80 XAL 000254 L.Ballesteros & A,Vazquez NT)  BC  El salto, helechales por las tres cascadas Puayacocotla Veracruz ND 17001  
J,Dorantes 05 06 71 XAL 000183 A.Vazguez ND  BC  W of Banderilla Bandenlla Veracruz 
1935 	9653 160 
W.Marguez & R.Hernandez 0105 75 XAL 000297 W.Marguez & A.Vazguez ND JBCE I ND Piletas, carretera Perote-Jalapa Bandenlla Veracruz ND 12301  
V.Sosa 82 XAL 000131 V,Sosa ND IND Agua de la Calabaza, camino al Salto Huayacocotla Veracruz 
ND j6 
-, 
H,Narave 13 04 83 XAL 000376 H,Narave NJ) BC D 	 / Camino del Ingenio El Rosario a Xico XJco Veracruz 
1929 	9705 1950 
K.Wilkening ND XAL 000050 JI.Calzada ND_________ BL ND Martinica5kmNofXalapa Jalapa Veracruz ND 
1400 
JICaizada 06 05 78 XAL 004390 M.hernandez ND BC ____ ND  la Martinica, 5km N of Pueblo de Banderilla Banderilla Veracruz 
1935 	9657 1500 
M.Chazaro & L.Robles 05 07 84 XAL 003 133 M.Chazaro ND BC ND Entre cinco Palos y Zapotal carretera Testistan San Cristobal 
de In Barranca, where it crosses the river 
Acajete Veracruz ND 1800 
J,L.Lopez ND ECOSUR 000348 FRamos Northern exposure 
on45°slope 
BMM Fagus Paraje El Hayal, ejido la Mojonera, 5km SE ofZacualtipan ND ND ND 1850 
Schiede (1829) BN}ltvI 000296 ND ND ND ND Near Jalapa Jalapa Veracniz 
N1 ND 
Y_Mexia 20 03 27 BNHM 001903 J,E.Dandy Streamside ND ND 	 • Sierra Madre Occidental, San Sebastian, arroyo del Triangulo ND Jalisco 
V 1425 
R,McVaugh 22 04 51 BNBM 012120 ND - 
Ravines in facing 
mountain slopes 
BP ND lo road miles E of Jalcocotan, on road to Tepic ND ND ND 1100 
F,G,Meyer & D.J,Rogers 160748 BN}IM 002793 ND NE to F facing slopes 
in deep canyons 
ND ND Just F of border into Tamaulipas ND Tamaulipas 24 	100 1500 
J.N,Rose 














Liquidambar, Alnus, Magnolia, Slyrax, Gunnera 
Foothills of the Sierra Madre 
Gorge at Puente Acabaloya, 1km SE of Xico Viejo and 5km 









M.Nee et al. 02 04 83 KEWJXAL 026426 M.Nee & AVazquez ND BC Podocarpus, Clethra, Quercus, 
Liquidamhar, Magnolia, Oreopanax 
Along winding road from Naolinco to Misantla, 
above Santa Rita and 3km by road N of Paz  
Yecuatla Veracruz 1950 	9649 1550 
ND = no data. (a): CAS = California Academy of Sciences; MEXIJ = University of Mexico; XAL = Instituto de Ecologia, Xalapa; ECOSTIR - Ecosur, Chiapas; BNHM = ?Sntssh Natural History Museum; KEW = Royal Botanic Gardens, Kew. 
(b): BLM = montane rainforest; BPEL = pine oak-liquidambar forest; BE = oak forest; BPE = pine-oak forest; BMM = bosque mesofilo de montana; 
BC = bosque caducifolia; BCE = cupressus-quercus forest; BEL = oak-liquidambar forest; BL = lsquidsLmbar forest; BP = pine forest 
